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Abstract. A search for pair-produced scalar particles decaying to a four-jet final state is presented. The 
analysis is performed using an integrated luminosity of 34 pb~^ recorded by the ATLAS detector in 2010. 
No deviation from the Standard Model is observed. For a scalar mass of 100 GeV (190 GeV) the limit on 
the scalar gluon pair production cross section at 95% confidence level is 1 nb (0.28 nb). When these results 
are interpreted as mass limits, scalar-gluons (hyperpions) with masses of 100 to 185 GeV (100 to 155 GeV) 
are excluded at 95% confidence level with the exception of a mass window of width about 5 GeV (15 GeV) 
around 140 GeV. 



At hadron colliders, the search for new phenomena in 
fully hadronic final states without missing transverse en- 
ergy or leptons is experimentally challenging because of 
the large multijet background. Recent studies used the di- 
jet mass spectrum and the dijet angular distribution ob- 
served at the LHC [TJI21I3] to search for physics beyond the 
Standard Model. Some extensions of the Standard Model 
predict new phenomena in events with higher jet mul- 
tiplicity In the six-jet final state CDF [J and CMS [5] 
have excluded R~parity violating gluinos, the supersym- 
metric partners of the gluons, with masses from 200 GeV 
to 280 GeV using a model-independent search. This letter 
describes a search for pair-produced scalar particles de- 
caying to two jets, leading to a four-jet final state with 
two jet-jet resonances and no missing transverse energy. 

Two scenarios serve as a guideline and motivation for 
the analysis: the extension of the Standard Model with a 
new gauge group called "hypercolor" as described in [Hl[71 
[8], and extended supersymmetric models [9l[T0|[TT]. 

In the hypercolor model, new colored fermions are 
charged under an additional gauge group (SU(3) hyper- 
color). In analogy with QCD, new colored fermions are 
bound into mesons of hypercolor: a color octet vector par- 
ticle, the coloron, and a color octet pseudoscalar, the hy- 
perpion which decays to two gluons. 

In supersymmetric models with Dirac gluinos, a scalar 
gluon (sgluon) extends the QCD sector, which is made 
up of the gluon/gluino super-multiplet and an additional 
gluino/sgluon super-multiplet. As the sgluon has positive 
R-parity [T2^, light sgluons, i.e. sgluons with masses of 
the order of 100 GeV, are expected to decay to two glu- 
ons with a branching ratio close to 1. Single production 
of sgluons, loop-induced via supersymmetric particles, is 
also possible, but these cross sections are several orders 
of magnitude smaller than those of the studies in Ref. [3] ; 
therefore the previously obtained limit of 1.92 TeV on the 
color-octet mass does not apply to the models studied in 
this letter. The pair production cross section does not de- 



pend, at leading order, on supersymmetric parameters ex- 
cept the sgluon mass. 

In the following, the sgluon pair production will be 
used as the benchmark process for the production of two 
heavy objects of equal mass, each decaying into two jets. 

ATLAS [T3] is a multipurpose detector with nearly Air 
coverage in solid angle. The inner detector, consisting of 
silicon pixel and microstrip detectors as well as a tran- 
sition radiation tracker, is immersed in a 2 T solenoidal 
magnetic field. The finely-segmented, hermetic calorime- 
ter covers \r]\ < 4. tj^and provides three-dimensional recon- 
struction of particle showers. The electromagnetic calo- 
rimeter is a lead liquid-argon sampling calorimeter. In the 
central region it is surrounded by a hadronic calorimeter 
made of iron and scintillating tiles. For the region \r]\ > 1.7 
the sampling calorimeter consists of copper or tungsten 
and liquid argon. The calorimeters are surrounded by the 
muon spectrometer which consists of three large supercon- 
ducting toroids, a system of precision tracking chambers, 
and detectors for triggering. 

ATLAS uses a three-level trigger system. The first level 
trigger is implemented in hardware, the other two trigger 
levels are implemented in software. In the analysis par- 
ticular emphasis was placed on being sensitive to the low 
mass region in order to exploit the low trigger thresholds 
of the data recorded in 2010. Therefore, a first level trigger 
requiring at least four jets with a transverse momentum 
Pt of at least 5 GeV was used. The trigger efficiency in- 
creases as a function of the jet px to at least 99% jT3j for 



^ ATLAS uses a right-handed coordinate system with its ori- 
gin at the nominal interaction point (IP) in the centre of the 
detector and the z-axis along the beam pipe. The a;-axis points 
from the IP to the centre of the LHC ring, and the y axis 
points upward. Cylindrical coordinates (r, (j>) are used in the 
transverse plane, cj} being the azimuthal angle around the beam 
pipe. The pseudorapidity is defined in terms of the polar angle 
9 asrj^ -lntan(6l/2). 
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calibrated jets of pr > 55 GeV. An integrated luminosity 
of 34 pb~^ has been recorded with this trigger, taking into 
account the prescaling of the trigger at the end of 2010. 

The Standard Model (SM) multijet production of four 
jets with pt > 60 GeV and \ri\ < 2.8 has a cross section 
of approximately 5 nb 15j. Compared to multijet produc- 
tion, even without considering the branching ratios to ob- 
tain a final state with four hard jets, other Standard Model 
backgrounds have much smaller cross sections: WW with 
a cross section of 41 pb [H], tt with a cross section of 
171 pb [17] and W production associated with two jets 
{pt >20 GeV, 77 <2.8) with a cross section of 200 pb [18 . 

Monte Carlo (MC) samples were used to model the 
SM muhijet background. ALPGEN tl9j SM muhijet sam- 
ples were generated with the MLM matching scheme [5^ , 
interfaced to HERWIG fSP for parton shower and frag- 
mentation and to JIMMY for the simulation of tlie 
underlying event. As a cross check, PYTHIA gS] SM di- 
jet samples were generated with the MRST LO* Parton 
Density Function (PDF) gl] and the ALPGEN sample 
with CTEQ6L1 PDF For both, the underlying event 
tune was the ATLAS MC09 tune [J^. The sgiuon pair 
production differential cross section of Ref. P| was imple- 
mented as an external process to PYTHIA. Signal samples 
of 10k events each for Mggiuon^lOO to 200 GeV in steps of 
10 GeV and a point at 225 GeV were generated. The cross 
section for the pair production of sgluons, computed with 
the MRST LO* PDF, is 7.5 nb at 100 GeV. It decreases to 
100 pb at 225 GeV. All signal and SM background samples 
were passed through a GEANT4 (27] based simulation of 
the ATLAS detector. 

Collision candidates are selected by requiring at least 
one reconstructed proton-proton interaction vertex with 
more than four good quality tracks. Jets are reconstructed 
using the anti-ki jet clustering algorithm |28j with a ra- 
dius parameter of 0.6. The inputs to the jet algorithm are 
three-dimensional clusters formed from energy deposits in 
the calorimeter. The jets are calibrated using p^- and 77- 
dependent correction factors based on MC simulation and 
validated by test beam and collision data studies [29 . All 
jets considered in the analysis must have px > 20 GeV and 
I77I < 2.8. Quality selections are applied to the recon- 
structed jets to eliminate various detector effects and sup- 
press beam and other non-collision backgrounds. Overall, 
these requirements reduce the sample size by less than 
0.1%. 

At least four jets are required with a pt greater than 
55% of the sgiuon mass to improve the background rejec- 
tion. The analysis thus probes sgiuon masses greater than 
100 GeV due to the trigger. After this requirement, as the 
system has a non-negligible boost lea ding to a jet-jet sepa - 
ration of ARjj « 1 (where ARjj = y/{A(l)jj)'^ + (Arjjj)^), 
the four highest pt jets in the event are paired by minimiz- 
ing |Z\i?pairi — 1| + |^^pair2 — 1|- Evcuts are rejected if, for 
the chosen combination, a jet-jet-pairing has ARjj > 1.6. 
The corresponding reconstructed masses are denoted Mi 
and M2 in the following and the reconstructed average 
mass is defined as {{Mi + M2)/2). Finally, to improve 
further the rejection of the SM multijet background, the 



relative difference between the two reconstructed masses 
(|Mi - M2|/(Mi + M2)) is required to be less than 7.5%. 
The scattering angle (| cos(6'*)|) of the reconstructed sglu- 
ons in the rest frame of the four leading jets is required to 
be less than 0.5. The SM multijet background is peaked 
in the forward region, reflecting t-channel gluon exchange, 
while the signal is produced centrally due to the scalar na- 
ture of the sgiuon. The selection efficiency of the signal is 
0.62% for a sgiuon mass of 100 GeV and 0.32% for a mass 
of 225 GeV. 

The variables used in the analysis are compared to 
the ALPGEN MC sample (solid hue) at different stages 
of the analysis in Fig. [l] as well as to the simulated sig- 
nal sample for a sgiuon of mass 100 GeV (dashed line). 
The data to MC ratios are shown below each figure. The 
solid band corresponds to one standard deviation in the 
jet energy scale (JES) j29j. Figure [I] (a) shows the px of 
the 4*'* leading jet ordered by pt for events with 4 jets 
with Pt > 50 GeV. The ALPGEN MC sample is nor- 
malized to the data after this requirement (normalization 
factor 1.26). The same normalization is used for all the 
following figures. This factor is similar to the one ob- 
tained in [T5] for a different event selection. Figure [I] (b) 
shows the ARjj distribution between the two jets from the 
sgiuon reconstructed with the highest px jet in the event. 
The 4*^* leading jet was required to have a px greater than 
55 GeV. The relative mass difference is shown in Fig.[l](c) 
after the application of the selection criteria on the px and 
the ARjj. The scattering angle is shown in Fig.[l](d) after 
all other criteria are applied. 

The shape of the data is well described by the ALP- 
GEN MC simulations. As the jet energy scale error can 
be considered to be, at first order, an error on the nor- 
malization, it is important to note that the description is 
good even when considering only the statistical errors in 
Fig.jT] The cut flow is shown in Table [T] for the data, the 
ALPGEN MC sample and a sgiuon mass of 100 GeV. 

While the description of the data by the MC is satisfac- 
tory, but limited by the MC statistics, the background is 
derived from data alone by dividing the data sample into 
one signal region (A) and three background-dominated re- 
gions (B, C, D). The variables used to define the different 
regions are the sgiuon scattering angle and the relative 
mass difference. The regions, defined in Table [2j are cho- 
sen as a compromise between low contamination from the 
signal and the statistical error in the regions B, C and D 
which feeds into the error on the background prediction. 

For the average mass distribution, the shape of the 
background in the signal region is modeled by that in 
the control region B, parameterized by a fit to f{x) = 
{x — piY'^ ■ e~^'P^~^ ■P'' where pi, p2, pa, P4 are the free 
parameters and x is the reconstructed average mass. The 
parameters pi and p2 describe the rising edge of the distri- 
bution; whereas, the p3 and p4 parameters model its tail. 
In region B the selection criteria on the scattering angle 
is inverted with respect to the signal region, but not the 
one on the relative mass difference, leading to the best 
description of the background shape in the signal region. 
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Fig. 1. Kinematic variables at different stages of the analysis. Data (dots) are compared to the ALPGEN MC sample (solid 
line). The solid band corresponds to one standard deviation in the jet energy scale. The ratio data/MC is also shown with its 
statistical uncertainty, which is dominated by the MC statistics. The dashed line corresponds to a sgluon signal of 100 GeV. (a) 
The transverse momentum of the 4*** jet is shown, (b) The ARjj distribution for the reconstructed sgluon candidate with the 
highest transverse momentum jet is shown after requiring the transverse momentum to be greater than 55 GeV and pairing the 
four leading jets into two sgluon candidates, (c) The relative mass difference is shown after the criterias on the px and ARjj 
have been applied, (d) The scattering angle in the 4-jet center-of-mass frame is shown after all other selection criteria have been 
applied. 



Table 1. Cut flow for data, ALPGEN MC sample and sgluon MC (M^giuon = 100 GeV). The ALPGEN MC sample is normahzed 
to the data after the first requirement. 



Cut 


data 


ALPGEN MC 


sgluon MC 


sgluon/ALPGEN 


4 jets pT > 50 GcV 


568421 


568000 ± 8000 


27900 ± 800 


4.9% 


4 jets PT > 55 GeV 


340429 


336000 ± 6000 


19000 ± 700 


5.6% 


ARjj < 1.6 


56131 


55400 ± 1900 


4900 ± 350 


8.8% 


\Mi - M2|/(Mi + Ma) < 0.075 


16958 


16800 ± 1100 


1910 ± 220 


11.4% 


cos(r)| < 0.5 


6937 


7700 ± 800 


1450 ± 190 


18.9% 



The normalization of the background in the signal re- 
gion is derived from the number of events in the control 
regions: ]\['^*^''^p°^^*-^°'^ — Nb-Nc/Njj. This is referred to as 
the ABCD method. The effect of the correlation between 
the two variables used to define the different regions is ne- 
glected since the correlation is less than 0.2%. Performing 
a closure test on the ALPGEN and PYTHIA MC samples, 
the number of events in the signal region agreed with the 



prediction derived from the three other regions within the 
statistical error. 

In Fig. [2] the result obtained with the data is shown 
in the signal region (region A) for sgluon masses of 100, 
140, 160 and 190 GeV. The data in region A is compared 
to the data in the control region B, and to the fit in re- 
gion B, where the data and the fit are each normalized 
using the ABCD method. The expected signals in regions 
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Fig. 2. The comparison of the prediction of the background with the data in the signal region is shown. The points are the 
data in the signal region (region A). The solid (dashed) histogram is the estimated signal in region A (B) for the nominal cross 
section. The predictions of background in region A based upon the data in region B (rectangles) and upon the result of the fit 
in region B (line), each normalized using the ABCD method, are shown for: (a) Msgiuon = 100 GeV, (b) Mggiuon ~ 140 GeV, (c) 
Msgiuon = 160 GeV and (d) Msgiuon = 190 GeV. For each, the bin size of the histogram is equal to 0.04 x Msgiuon. 



Table 2. Definition of the four regions for the background 
determination. Region A is the signal region. 



Region 




Selection 


A 


icos(r)i 


< 0.5 and \Mi 


- M2\/{Mi+ M2) <7.5% 


B 


1 cos(6'*) 


> 0.7 and Mi 


-M2|/(Mi +M2) <7.5% 


C 


lcos(r): 


< 0.5 and Mi 


-M2|/(Mi +M2) >7.5% 


D 


icos(r)j 


> 0.7 and Mi 


-M2|/(Mi +M2) >7.5% 



A and B, normalized to the nominal sgluon cross section, 
are also shown. Table [3] shows the number of events in the 
signal region, the prediction of the background from the 
ABCD prediction, the per degree of freedom (NDF) 
between the shapes of the distributions in region A and 
B {x'^/NDF{A,B)), as well as the x^/NDF{B) in the 
background region for the fit of the background function. 
No significant deviation is observed between the data- 
driven background prediction and the data. Therefore lim- 
its are set on the excluded cross section using a profile 
likelihood ratio with the CLs approach [30]. The shapes 



of the average mass distribution for signal and background 
in region A are parametrised and used in the likelihood. 
The signal shape is modeled with a Gaussian distribution 
and the background shape with the parametrisation of the 
ABCD method. The signal contamination in the control 
regions is taken into account in the likelihood. A Gaussian 
distribution is used to simulate the signal contamination 
in region B; whereas, in region C and D no assumption is 
made on the signal shape since only the number of events 
is used in these two regions. 

The different sources of systematic uncertainty and 
their effect are summarized in Table [4l The uncertainty 
on the integrated luminosity is 3.4% [31]. The trigger ef- 
ficiency is estimated in minimum bias data to be 99±1%. 
The signal acceptance and contamination are taken from 
the full simulation Monte Carlo samples with a statistical 
uncertainty of 5% (in region A) by fitting the efficiencies 
as a function of the sgluon mass. The jet energy scale 
uncertainty is propagated to the signal [29j, affecting the 
selection efficiency by 15%. A second effect of the JES un- 
certainty on the signal is a ±2% shift of the signal mass 
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Table 3. Comparison of data in signal region with background prediction. The first column shows the px requirement applied 
on the 4*** leading jet in px, the second column the observed number of events in the signal region. The third column shows 
the prediction of the ABCD method. Only the statistical uncertainty is indicated. The fourth column is the / N DF{A, B) 
between the shapes of the reconstructed average mass distribution in regions A and B. The last column shows / N DF{B) for 
the fit to the background region. 

pg."" (4*" jet) [GeV] data ABCD prediction x^/NDF{A,B) x^/NDF{B) 



49 


11732 


11410 ± 150 


1.31 


0.77 


55 


6937 


6740 ± 120 


1.02 


1.05 


60 


4098 


3980 ± 90 


0.85 


1.09 


66 


2532 


2460 ± 70 


1.04 


0.87 


71 


1590 


1580 ± 60 


1.18 


0.98 


77 


1069 


1030 ± 50 


1.39 


0.61 


82 


701 


720 ± 40 


1.59 


1.04 


88 


480 


517 ±34 


1.32 


1.00 


93 


322 


364 ± 29 


0.94 


1.22 


99 


218 


266 ± 25 


1.08 


1.22 


104 


162 


187 ±21 


1.05 


1.13 


110 


116 


151 ± 19 


1.42 


1.44 



Table 4. The systematic uncertainties due to the jet energy scale (JES), jet energy resolution (JER), the ABCD method 
(ABCD), the choice of the PDF (PDF), the integrated luminosity (L), the Monte Carlo statistics (MC stat.) and the trigger 
efficiency (Trigger). 



Source 


Effect 


JES 


Signal peak center ±2% 
Signal efficiency ±15% 


JER 


Signal peak width ±10% 


ABCD 


Background prediction ±1% to ±10% 


PDF 


Signal efficiency ±2% 


L 


Signal normalization ±3.4% 


MC Stat. 


Signal normalization in A(B,C,D) ±5(16,5, 16)% 


Trigger 


Signal normalization (eff = 99%) ±1% 



peak position. The impact of the jet energy resolution un- 
certainty on the signal mass peak width is 10%. The im- 
pact of the choice of the PDF for the signal generation was 
estimated to be less than 2%. Finally a systematic error, 
reflecting the statistics available to check the prediction 
of the ABCD method in the absence of new physics, is 
assigned to the background prediction. Gaussian nuisance 
parameters are implemented in the likelihood correspond- 
ing to the errors taking into account the correlations, e.g. 
the error on the luminosity is common to the ABCD re- 
gions. The contamination of the regions B, C and D by 
the signal is also taken into account in the likelihood. 

For each tested mass, the observed and expected me- 
dian CLs are determined as a function of the signal cross 
section. The analysis is performed for masses from 100 
to 200 GeV in steps of 10 GeV. The resulting excluded 
cross section, shown in Fig. [3j is 1 nb at 100 GeV and 
280 pb at 190 GeV. Converting this result into a mass 
limit for a branching ratio of 1 to gluon pairs, using a 
leading order cross section ^ with CTEQ6L1 25 , sglu- 
ons with masses from 100 GeV to 185 GeV are excluded at 
95% confidence level with the exception of a mass window 
of about 5 GeV around 140 GeV. The sgluon cross section 
used was checked at y/s = 14 TeV with Ref. [9] and was 



found to agree at the percent level. The centrality of the 
hyperpions compared to the sgluons increases due to the 
additional contribution of the s-channel coloron exchange. 
This property should increase the selection efficiency due 
to the presence of the requirement on the scattering an- 
gle. However, the hyperpion cross section was scaled down 
from the sgluon cross section according to Ref. [7], which 
makes the limits less stringent. Hyperpions with masses of 
100 GeV to 155 GeV are excluded with the exception of a 
mass window of 15 GeV around 140 GeV. 

To conclude, four-jet events have been analyzed by the 
ATLAS experiment, searching for the pair production of 
a new scalar particle decaying to two jets. The data in the 
signal region is in good agreement with the data-driven 
background estimation. No evidence for new phenomena 
was found. Cross section limits as a function of the mass of 
the scalar particle have been determined. Interpreting the 
cross section limit, sgluons (hyperpions) with masses from 
100 GeV to 185 GeV (155 GeV) are excluded at 95% CL. 
A mass window of about 5 GeV (15 GeV) around 140 GeV 
remains unexcluded for the sgluons (hyperpions). 

We would like to thank the authors of Refs. [SUH], in 
particular S. Schumann and P.M. Zerwas, for useful dis- 
cussions. We are grateful to E. Popenda for having pro- 



6 



The ATLAS Collaboration: Search for Massive Colored Scalars in Four- Jet Final States with ATLAS 





1 1 1 1 1 1 1 1 1 1 

ATLAS 

r 


1 1 1 1 1 1 1 1 

Observed 


- 


■ Expected 




J Ldt = 34pb 






+ 2o I 






— Scalar-gluon : 






— Hyperpion '_ 
















, , , 1 , , ~ ~, - -1 ^ 



100 120 140 160 180 200 

Mass [GeV] 

Fig. 3. Expected and observed 95% CL upper bounds on the 
product of the scalar pair production cross sections and of the 
branching ratio to gluons as a function of the scalar mass. The 
predictions of the sgluon and hyperpion pair production cross 
section are also shown. 



vided us with the code for the differential cross section of 
sgluon pair production. 

We thank CERN for the very successful operation of 
the LHC, as well as the support staff from our institutions 
without whom ATLAS could not be operated efficiently. 

We acknowledge the support of ANPCyT, Argentina; 
YerPhf, Armenia; ARC, Austraha; BMWF, Austria; ANAS, 
Azerbaijan; SSTC, Belarus; CNPq and FAFESP, Brazil; 
NSERC, NRC and CFI, Canada; CERN; CONICYT, Chile; 
CAS, MOST and NSFC, China; COLCfENCIAS, Colom- 
bia; MSMT CR, MPO CR and VSC CR, Czech Repub- 
lic; DNRF, DNSRC and Lundbeck Foundation, Denmark; 
ARTEMIS, European Union; IN2P3-CNRS, 
CEA-DSM/IRFU, France; GNAS, Georgia; BMBF, DFG, 
HGF, MPG and AvH Foundation, Germany; GSRT, Greece; 
ISF, MINERVA, GIF, DIP and Benoziyo Center, Israel; 
INFN, Italy; MEXT and JSPS, Japan; CNRST, Morocco; 
FOM and NWO, Netherlands; RCN, Norway; MNiSW, 
Poland; GRICES and FCT, Portugal; MERYS (MECTS), 
Romania; MES of Russia and ROSATOM, Russian Fed- 
eration; JINR; MSTD, Serbia; MSSR, Slovakia; ARRS 
and MVZT, Slovenia; DST/NRF, South Africa; MICINN, 
Spain; SRC and Wallenberg Foundation, Sweden; SER, 
SNSF and Cantons of Bern and Geneva, Switzerland; NSC, 
Taiwan; TAEK, Turkey; STFC, the Royal Society and 
Leverhulme Trust, United Kingdom; DOE and NSF, United 
States of America. 

The crucial computing support from all WLCG part- 
ners is acknowledged gratefully, in particular from CERN 
and the ATLAS Tier-1 facilities at TRIUMF (Canada), 
NDGF (Denmark, Norway, Sweden), CC-IN2P3 (France), 
KIT/GridKA (Germany), INFN-CNAF (Italy), NL-Tl 
(Netherlands), PIC (Spain), ASGC (Taiwan), RAL (UK) 
and BNL (USA) and in the Tier-2 facilities worldwide. 



References 

1. CMS Collaboration, Phys. Lett. B704 (2011) 123-142, 
[arXiv: 1107.4771 [hep-ex]]. 

2. ATLAS Collaboration, New J. Phys. 13 (2011) 053044, 
[arXiv: 1103.3864 [hep-ex]]. 

3. ATLAS Collaboration, Phys. Lett. B (2011, submitted), 
[arXiv:1108.6311 [hep-ex]]. 

4. CDF Collaboration, Phys. Rev. Lett. 107 (2011) 042001, 
[arXiv: 1105.2815 [hep-ex]]. 

5. CMS Collaboration, Phys. Rev. Lett. 107 (2011) 101801, 
[arXiv: 1107.3084 [hep-ex]]. 

6. C. Kilic, S. Schumann, M. Son, JHEP 0904 (2009) 128, 
[arXiv:0810.5542 [hep-ph]]. 

7. S. Schumann et al, JHEP 09 (2011) 074, [arXiv:1108.2957 
[hep-ph]]. 

8. Y. Bai, J. Shelton, [arXiv: 1107.3563 [hep-ph]]. 

9. S. Y. Choi, M. Drees, J. Kalinowski, J. M. Kim, 

E. Popenda, P. M. Zerwas, Phys. Lett. B672 (2009) 246- 
252, [arXiv:0812.3586 [hep-ph]]. 

10. G. D. Kribs, E. Poppitz, N. Weiner, Phys. Rev. D78 
(2008) 055010, [arXiv:0712.2039 [hep-ph]]. 

11. T. Plehn, T. M. P. Tait, J. Phys. G36 (2009) 075001, 
[arXiv:0810.3919 [hep-ph]]. 

12. G. R. Farrar, P. Fayet, Phys. Lett. B76 (1978) 575-579. 

13. ATLAS Collaboration, JINST 3, (2008) S08003. 

14. ATLAS Collaboration, ATLAS-CONF-2010-094, 
http://cdsweb.cern.ch/record/1299109. 

15. ATLAS Collaboration, Eur. Phys. J. C (2011, accepted), 
[arXiv: 1107.2092 [hep-ex]]. 

16. ATLAS Collaboration, Phys. Rev. Lett. 107 (2011) 
041802, [arXiv:1104.5225 [hep-ex]]. 

17. ATLAS Collaboration, Phys. Lett. B (2011, submitted), 
[arXiv: 1108.3699 [hep-ex]]. 

18. ATLAS Collaboration, Phys. Lett. B698 (2011) 325-345, 
[arXiv: 1012.5382 [hep-ex]]. 

19. M. L. Mangano, M. Moretti, F. Piccinini, R. Pittau 
and A. D. Polosa, JHEP 0307 (2003) 001, [arXiv:hep- 
ph/0206293]. 

20. J. Alwall, S. Hoche, F. Krauss, N. Lavesson, L. Lonnblad, 

F. Maltoni, M. L. Mangano, M. Moretti et al, Eur. Phys. 
J. C53 (2008) 473-500, [arXiv:0706.2569 [hep-ph]]. 

21. G. Corcella et al, arXiv:hep-ph/0210213. 

22. J. M. Butterworth, J. R. Forshaw and M. H. Seymour, Z. 
Phys. C 72, 637 (1996), [arXiv:hep-ph/9601371]. 

23. T. Sjostrand, S. Mrenna, P. Z. Skands, JHEP 0605 (2006) 
026, [hep-ph/0603175]. 

24. A. Sherstnev and R. S. Thorne, Eur. Phys. J. C 55 (2008) 
553, [arXiv:0711.2473 [hep-ph]]. 

25. J. Pumplin, D. R. Stump, J. Huston, H. L. Lai, 
P. M. Nadolsky and W. K. Tung, JHEP 0207, 012 (2002), 
[arXiv:hep-ph/0201195]. 

26. ATLAS Collaboration, ATLAS-PHYS-PUB-2010-002, 
http: / / cdsweb.cern.ch/record / 1247375. 

27. S. AgostinelU et al. [ GEANT4 Collaboration ], Nucl. lu- 
strum. Meth. A506 (2003) 250-303. 

28. M. Cacciari, G. P. Salam, G. Soyez, JHEP 0804 (2008) 
063, [arXiv:0802.1189 [hep-ph]]. 

29. ATLAS Collaboration, ATLAS-CONF-2011-032, 
http://cdsweb.cern.ch/record/1337782. 

30. A. L. Read, J. Phys. G G28 (2002) 2693-2704. 

31. ATLAS Collaboration, Eur. Phys. J. C71 (2011) 1630, 
[arXiv:1101.2185 [hep-ex]]. 



The ATLAS Collaboration: Search for Massive Colored Scalars in Four- Jet Final States with ATLAS 



7 



The ATLAS Collaboration 

G. Aad4^ B. Abbott^^S J. Abdallah", A.A. Abdelalim^^^ A. Abdesselamll^ O. Abdinov^o, B. Abi"^, 

M. Abolins«^ H. Abramowiczi53, H. Abrcu"'\ E. Accrbi**9'^^89b^ g g_ Acharyai64a,i64b^ p L_ Adams^l T.N. Addy^^^, 

J. Adclmani^'\ M. Adcrholz^^, S. Ado^lcit9^ P. Adragna^^ T. Adyci^s, S. Aefsky^^. J.A. Aguilar-Saavcdrai^^b.o^ 

M. Aharrouche^i, S.P. Ahlen^i, F. Ahles4^ A. Ahmadl''^ M. Ahsan*^ G. Aiclli^^Saa.xib^ Akdogani^a^ 

T.P.A. Akesson^^ G. Akimotoi^s, A.V. Akimov A. Akiyama'^'', M.S. Alami, M.A. Alam^^^ J. Alberti^a, 

S. Albrand5^ M. Aleksa^^, I.N. Aleksandrov*'^ F. Alessandria^^^, C. Alexa^^*^, G. Alexander^^s^ q Alexandre*^ 

T. Alexopoulos^ M. Alhroob^o, M. Alicyi^ G. Alimonti^^^, J. Alisoni^o^ M. Aliycyi", P.P. AUport^^^ 

S.E. AUwood-Spiers^^^ J. Almond*^^^ A. Aloisioi°2a,i02b^ ^ Alon^i, A. Alonso^^ M.G. Alviggii°2a,i02b^ Amako^e, 

P. AmaraP^, C. Amelung^^, V.V. Ammosov^^^, A. Amorim^^^^''', G. Amoros^^'^, N. Amram^^^, C. Anastopoulos^^, 

L.S. Ancui6, N. Andari"^ T. Andccn^^, C.F. Andcrs^o, G. Anders^^a^ j Anderson'^", A. Andreazza^^^'^^'^, 

V. Andrci^^'", M-L. Andrieux^'"' , X.S. Anduaga™, A. Angcrami^"*, F. Anghinolfi^^ , N. Anjos^^^'^, A. Annovi'''^, 

A. Antonaki^, M. Antonelli4^ A. Antonov^^^ j_ Antos^^'"', F. AnuUii-'^^a^ g Aoun*^^^ L. Aperio Bella-*, R. Apolle^^^'^ 

G. Arabidze^s^ I. Aracena"^^ Y. Arai'5^ A.T.H. Arce^^, J.P. Archambault^^, S. Arfaoui^^''', J-F. Arguini^, 

E. Arik**'''*, M. Arik*^*, A.J. Armbruster^'^, O. Arnaez*\ C. Arnault**^, A. Artamonov^^, G. Artonii32a,i32b^ 

D. Amtinov^o, S. Asai*-"'^, R. Asfandiyarov*"^^, S. Ask^'', B. Asman"*''"^"*'^, L. Asquith^, K. Assamagan^"* , 

A. Astbury**^^, A. Astvatsatourov''^, G. Atoian*"^^, B. Aubert'^, E. Auge"^, K. Augsten^^'^, M. Aurousseau*'*^'*, 
N. Austin^^ G. Avolio^^^^ R. Avramidou^, D. Axen^^^, C. Ay^*, G. Azuelos^'''''=. Y. Azumal5^ M.A. Baak^^, 

G. Baccaglioni**9^ C. Baccii-^^'^'i'''*'^, A.M. Bachi^, H. Bachacoui-''^ K. Bachas^^, G. Bachy^^, M. Backcs'*'', 
M. Backhaus^o, E. Badescu^^^, P. Bagnaiai32a,i32b^ g_ Bahinipati^, Y. Bai^^^, D.C. Bailcyi'"^^ T. Bain^-'^s, 

J.T. Baines*2^ O.K. Baker^^^^ M.D. Baker^^, S. Baker^^ E. Banas^^, P. Bancricc'^''. Sw. Bancrjcci^^^ D. Banfi^^, 
A. Bangert"7, v. Bansall'^^ H.S. Bansil^^ L. Barak^^*, S.P. Baranov^*, A. Barashkou^^, A. Barbaro Galtierii", 
T. Barber^^, E.L. Barberio*^ D. Barberis^o^-^o^, M. Barbero^o, D.Y. Bardin^s, T. Barillari^^, M. Barisonzii^*, 
T. Barklowi'*-\ N. Barlow^"^, B.M. Barnctti^s, R.M. Barnctt", A. Baroncclli"4a^ q Baronc''^, A.J. Barr"^, 

F. Barreiro*°, J. Barreiro Guimaraes da Costa^'', P. Barrillon*^^, R. Bartoldus*'*^, A.E. Barton^\ D. Bartsch^°, 
V. Bartschi^s, R.L. Bates^^^ L. Batkovai^*^^ j.r. Batley=^^, A. Battaglia*^, M. Battistin^^, G. Battistoni^^'*, 

F. Baucri36^ H.S. Bawa^'*-'^-'', B. Bcarci''^^ T. Bcau^^, P.H. Bcauclicmin"^ R. Bccchcrlc^O'"-, P. Bcchtlc^^ 

H. P. Beckys, M. Bcckingliami-'^ K.H. Bccksi^^^ a.J. Bcddalli^^ A. Bcddalli8<:, S. Bcdikiani^-\ V.A. Bcdnyakov^^^ 
CP. Bcc^'K M. Bcgcl24, S. Bchar Harpaz^'^^ P.K. Bchcra^^^ M. Bei^lforde9^ C. Belangcr-Champagnc^l P.J. Bell'*^, 
W.H. Bell^^ G. Bellai53^ L. Bellagambai^^, F. Bellina^^, M. Bellomo^^, A. Belloni", Q. Beloborodovalo^ 

K. Belotskiy96, O. Beltramello^^, S. Ben Ami^ss, Q. Benary^^^^ ^ Benchekrouni^Sa^ C. Benchouk^^^ M. Bendel^S 
N. Bcnckos"'^^^, Y. Benliammou^'''^, D.P. Benjamin'**, M. Bcnoit**''', J.R. Bensinger^^, K. Benslama*^", 
S. Bentvelsen*°^, D. Berge^*', E. Bergeaas Kuutmann**, N. Berger*, F. Berghaus*®^, E. Berglund*'', J. Beringer*^, 
K. Bernardet^^^ p Bernat^^ R. Bernhard^^ C. Bernius^*, T. Bcrry^^ A. Bertin*^'^'*^'^, F. Bertinelli^^, 

F. Bertolucci*22a,i22b^ Besana^^^'^^*^, N. Bessoni^^ S. Bethke9^ W. Bhimji^s, R.M. Bianchi^s, M. Bianco^2a,72b^ 
O. BiebeF^ S.P. Bieniek^^ K. Bierwagen^^, J. Biesiada", M. Biglietti*34a,i34b^ H. Bilokon^^ M. Bindi*9a>i9b^ 

S. Binet"^ A. Bingul*^^ C. Bini*32a,i32b^ q Biscarat*^^ U. Bitenc*^ K.M. Black^*, R.E. Blair^ J.-B. Blanchard"^, 

G. Blanchot29, T. Blazek"4a^ c. Blocker22, J. Blocki^s, A. Blondel*9, W. BlumS*, U. Blumenschein54, 

G.J. Bobbink*05, V.B. Bobrovnikov*"^, S.S. Bocchetta^^^ A. Bocci^^, C.R. Boddy**», M. Boehler^*, J. Boek^^^, 

N. Boelaert^s, S. Boser'^^ J.A. Bogaerts^^, A. Bogdanchikov*"'^, A. Bogouch^^'*, C. Bohm"^'', V. Boisvert'^^, 

T. Bold-''^, V. Boldea^-^^, N.M. Bolnet^e, M. Bona^^ V.G. Bondarenko^^ M. Bondioli*^^^ M. Boonekampi^e, 

G. Boorman'^'^, C.N. Booth*^'', S. Bordoni™, C. Borer*'^, A. Borisov*^^^ G. Borissov"^*, I. Borjanovic^^a^ S. Borroni^'^, 

K. Bos*°5, D. Boscherini*^'^, M. Bosnian*\ H. Boterenbrood*°^ D. Botterill*29, J. Bouchami^^^ J. Boudreau*23, 

E. V. Bouhova-Thacker'^*, C. Bourdarios**^, N. Bousson^^^ a. Boveia^°, J. Boyd^^, LR. Boyko^^ N.I. Bozhko*^^, 

I. Bozovic-Jclisavcie*2b. j. Braeinik*''', A. Braeni^^, P. Branchini*^*'', G.W. Brandenburg", A. Brandt'^, G. Brandt*^, 
O. Brandt^-*, U. Bratzler*^^ B. Brau*"*, J.E. Brau"*, H.M. Braun*'^4^ ^ Brelier*5^ J. Bremer^^, R. Brenner*66, 

S. Bressler*52, D. Breton**^ D. Britton^^, P.M. Brochu^^, I. Brock^o, R. BrockS^ T.J. Brodbeck^*, E. Brodet^^s^ 

F. Broggi*^^, C. Brombcrg®^, G. Brooijmans^'', W.K. Brooks^*^, G. Brown^2^ Brown'^, 

P.A. Bruckman de Renstrom''^ , D. Bruncko*44b^ Brunelicre*^ , S. Brunei^*, A. Bruni*^'', G. Bruni*^*, 

M. Bruschi*^'^, T. Buanes*^, F. Bucci*'', J. Buehanan"^ N.J. Buchanan2, P. Buchholz"*, R.M. Buekingham"^, 

A.G. Buckley^s^ S.I. Buda^^^, LA. Budagov^s, B. Budickio^, V. BiischerS*, L. Bugge*", D. Buira-Clark^s, 

O. Bulekov^^, M. Bunse*^^ T. Buran"^, H. Burckhart^^, S. Burdin^^, T. Burgess*^, S. Burke^^s, E. Busato^^, 

P. Bussey'^^^ CP. Buszello*66^ F. Butin29, B. Butler*''^^ j.m. Butler2i, CM. Buttar-^'\ J.M. Butterworth''^, 

W. Buttinger27, S. Cabrera Urban*67^ D. Caforio*^'^'*^'', O. Cakir^*^, P. Calafiura", G. Calderini^s^ P. Calfayan^^, 

R. Calkins^os L.P. Caloba^^^, R. Caloii32a,i32b^ ^ Calvet^^, S. Calvet^^, R. Camacho Toro^^, P. Caniarri*33a,i33b^ 

M. Cambiaghi"^^^"^'^, D. Cameron*", S. Campana29, M. Campanelli", V. Canalc*02a,i02b^ p_ Canelli^o.s, 

A. Canepa*''^9a^ j_ Cantero^o, L. Capasso*°2a,i02b^ M.D.M. Capeans Garrido29, I. Caprini25a^ M. Caprini25a^ 

D. Capriotti9^ M. Capua-''6a,36b^ ^ Caputo**^, R. Cardarelli*-^-'*% T. Carli29, G. Carlino*"2a^ p. Carminati^^^'^^'^, 

B. Caron*59a, S. Caron^s, G.D. Carrillo Montoya*^^^ A.A. Carter^^^ J.R. Garter27, J. Carvalho*24a>'», D. Casadei*°8, 



8 



The ATLAS Collaboration: Search for Massive Colored Scalars in Four- Jet Final States with ATLAS 



M.P. Casado", M. Casccllai22aa22b^ q (^-^soSOa^sob,*^ ^j^zj Castaneda Hernandezi^^^ E. Castaneda-Mirandai^^ 
V. Castillo Gimenezi67, n.F. Castroi^^a^ q. Cataldi^^a^ p Cataneo^^, A. Catinaccio^^, J.R. Catmore^i, A. Cattai^^, 
G. Cattanii33a'i33b, S. Caughron^^, D. Cauzi64a,i64c^ p Cavalleri^s^ D. Cavalli^^a^ ^ Cavalli-Sforza" , 
V. Cavasinnii22a,i22b^ p Ccradinii34aa34b^ ^ g Ccrqucira^Sa, ^ Ccrri^^, L. Ccrrito7^ F. Ccrutti^^, S.A. Cetini^b^ 

F. Ccvcninii"2aao2b^ Chafaq^^Sa^ Chakrabortyl°^ K. Chan^, B. Chaplcau*^'\ J.D. Chapman^^, 
J.W. Chapman87, E. Chareyre^^ D.G. Charltoni^ V. Chavda^^ C.A. Chavez Barajas^^, S. CheathamSS, 

S. Chckanov^, S.V. Chckulaevi59% G.A. Chelkov^s, M.A. Chelstowskaio*, C. Chcn^^, H. Chen^^, S. Chen32c, 

T. Chen32=, X. Chen^^^ S. Cheng32a, A. Cheplakov^s , V.F. Chepurnov^^ R. Cherkaoui El Moursli^^Se^ 

V. Chernyatin24, E. Cheu^, S.L. Cheungi^s, L. Chevalier"^ G. Chiefarii02a,i02b^ L Chikovani^i^, J.T. Childers^^*, 

A. Chilingarov^\ G. Chiodini^^a^ ^.V. Chizhov'^s^ G. Choudalakis^o, S. Chouridou^^?^ j a. Christidi^^ 

A. Christov^*, D. Chromek-Burckhart^^, M.L. Chn^^'^, J. Chudoba^^s^ q Cjg^pet^ji32a,i32b^ Ciba^^, A.K. Ciftci^*^, 

R. Ciftci3% D. Cinca33, V. Cindro^"^ y^j^ Ciobotaruiea^ C. Cioccai^'^'i^'', A. Ciocio", M. Cirilli^'^, 

M. Ciubancan^sa, A. Clark^^, RJ. Clark4^ W. Clelandi^a, j.C. Clemens^^^ B. Clement5^ C. Clement "6a,i46b^ 

R.W. ClifFti29, Y. Coadou«3^ M. Cobali64aa64c^ Coccaro^o^'SOb^ Cochran^^ p. Coe"^ J.G. Cogani^s, 

J. Coggeshallis^^ E. Cogneras^^^ CD. Cojocaxu^s, J. Colas^, A.P. Colijnios, C. Collard"^, N.J. Collinsl^ 

C. Collins-Tooth53, J. Collot5^ G. Colon^^, P. Conde Muinoi24a^ Coniavitis^^^, M.C. Conidii\ M. Consonniio^, 

V. Consorti'is, S. Constantinescu^Sa, C. Conta"^'^'"^'', F. Conventiio^a,^^ Cook^s, M. Cookel^ B.D. Cooper^^ 

A.M. Cooper-Sarkar"8, N.J. Cooper-Smith^^^ K. Copic^'', T. Cornelissen^o^-sob^ Corradi^^^, F. Corriveau^^-^ 

A. Cortes-Gonzalezi65, G. Cortiana^^, G. Costa89^ M.J. Costa^s^, D. Costanzoi^s, T. Costin^o, D. Cote^^, 

L. Coumeyeal'^^ G. Cowan7^ C. Cowden^^, B.E. Cox82, Cranmerio^^ F. Cresciolii22a,i22b^ Cristinziani^o, 

G. Crosetti36^^36b^ Q^^pi72a,72b^ g Crepe-Renaudin^^ C.-M. Cuciuc^^'^, C. Cuenca Almenai-i^^ 

T. Cuhadar Donszelmanni^s , M. Curatolo4^ C.J. Curtis^^ P. Cwetanski^i, H. Czirri^i, Z. Czyczulai^'\ 

S. D'Auria^^^ M. D'Onofrio^^^ A. D'Orazioi32a,i32b^ P.V.M. Da Silva^^a, c. Da Via82, W. Dabrowski^'', T. Dai^^ 

C. Dallapiccola^*, M. Dam^s, M. Dameri5°'^>5°^, D.S. Damianii^^, H.O. Danielsson^s, D. Dannheim^^, V. Dao^^ 

G. Darbo^O'', G.L. Darlea^^^^ q Dauini"'\ W. Davey*^^ rj. Oavideki^e, N. Davidson^e, R. Davidson^i, E. Davies^^.c^ 

M. Davies^^^ a.R. Davison^'^, Y. Davygora5*'\ E. Dawe^''^^ I. Dawsoni^a, J.W. Dawson^ *, R.K. Daya^^, K. De^ 

R. de Asmundisi°2a^ g Cag^j-o^^'^'is^, P.E. De Castro Faria Salgado^^, S. De Cecco^s J. de Graat9^ 

N. De Grooti04^ P. de Jongios, C. De La Taille"^^ H. De la Torre^o, B. De Lottoi64a,i64c^ p. De Mora^i, 

L. De Nooiji"'\ D. De Pedis^^^a^ g^jyQi32a^ U gj^jj^^jgi64a,i64c^ Santo"^ J.B. De Vivie De Regie"^, 

S. Dean^^, R. Debbc^^, D.V. Dedovich*^'-\ J. Degenhardt^^o^ M. Dehchar"^ C. Del Papai64a464c^ j_ Peso^°, 

T. Del Pretei22a,i22b^ jyj Deliyergiyev^^, A. Dell'Acqua^s, L. DeirAsta^^'^'S^i', M. Delia Pietrai°2a,i^ 

D. della Volpei°2a,i02b^ Delmastro^^, N. Delruelle^^, P.A. Delsart5^ C. Deluca^^*, S. Demers^^^^ M. Demichev*^^ 

B. Demirkoz^^''^, J. Dcng^^^, S.P. Denisov^^^, D. Derendarz^^, J.E. Derkaoui^^^'^, F. Deme"^^, P. Dervan'''''', 

K. Desch^o, E. Devetak^^s^ p_Q_ Deviveirosi^^^ A. Dewhurst^^s, B. DeWilde"^ S. Dhaliwali^s, R. DhuUipudi^".', 

A. Di Ciaccioi33a,i33b^ L. Di Ciaccio^ A. Di Girolamo^f, B. Di Girolamo^^, S. Di Luise^^^^''^^'^^ , B. Di Micco^", 

R. Di Nardoi'^-''^'i33b^ ^ Simonei-''3aa33b^ g—^igaagb^ y^j^^ Diaz^i^ F. Dibleni^c, E.B. Diehl^^, 

J. Dietrich^i, T.A. Dietzsch^*'^, S. Diglio"^ K. Dindar Yagci^^, J. Dingfelder^" , C. Dionisii32a,i32b^ Dita^^a, 

S. Dita^s^, F. Dittus^s, F. Djama^^^ T. Djobava^^^, M.A.B. do Vale^^^, A. Do Valle Wemansi24a^ T.K.O. Doan^, 

M. Dobbs^s^ R. Dobinson ^^'*, D. Dobos^^, E. Dobson^^, M. Dobsoni^a, j. Dodd34, C. Doglioni"^ T. Doherty^^^ 

Y. Doi^*^'*, J. Dolejsi^^e^ j Dolenc^*, Z. Dolezal^^e^ Dolgoshein^*^'*, T. Dollmae^s^ M. Donadelli^^d, 

M. Donegai20^ J. DoniniS^^ J. Dopke^^ A. Doriai"2a^ a. Dos Anjos^''^, M. Dosil", A. Dottii22a,i22b^ j^j rp pjQ^^TO^ 

J.D. Dowell", A.D. Doxiadis^o^, A.T. Doyle^^^ Z. Drasal^^e^ j Drees^'^'', N. Dressnandt^^o^ jj Drevermann^^ , 

C. Driouichi^s, M. Dris^, J. Dubbert''^ S. Dubel^ E. Duchovnii^i, G. Duckeck^^, A. Dudarev^^, F. Dudziak'^^, 
M. Diihrssen ^9, LP. Duerdoth82, L. Duflot"^ M-A. Dufour«'\ M. Dunford^^, H. Duran Yildiz^^, R. Duxficldi^^^ 
M. Dwuznik'", F. Dydak ^9, M. Diiren52, W.L. Ebenstein44, J. Ebke98, S. Eckert48, S. Eckweiler^^, K. Edmonds^i, 

C. A. Edwards^s^ Edwards^^^ ^ Ehrenfeld4i, T. Ehrich99, T. Eifert29, G. Eigeni^, K. Einsweiler", 

E. Eisenhandler^s^ T. Ekelofl'^^ M. El Kacimii^sc^ EUerti^^^ S. Files", F. Ellinghaus^i, K. Ellis^^ N. Ellis29, 

J. Elmsheuser9^ M. Elsing^s, D. Emeliyanoyi^g^ Engelmannl4^ A. Engl^*, B. Epp^^, A. Eppig^^, J. Erdmann^*, 
A. Ereditato^s^ p, Erikssoni-^^a, J. Emst\ M. Ernst^", J. Ernwcini^e^ D. Errcdel6^ S. Erredel'^^ E. Ertel^i, 
M. Escalicr"^ C. Escobari23^ x. Espinal Cumll", B. Esposito4^, F. Etienne«3, A.L Etienvre^^e^ Etzion^^^^ 

D. Evangelakou^"*, H. Evans^\ L. Fabbrii^'^'i^'', C. Fabre^s, R.M. Fakhrutdinov^^s, S. Falciano^^^a^ y. Fang^^^^ 
M. Fanti^^'^'S^'^, A. Farbin^, A. Farillai34a, j. Farley"^, T. Farooque^^s, S.M. Farrington"^, P. Farthouat29, 

P. Fassnacht29, D. Fassouliotis^ B. Fatholahzadehi^s, A. Favareto^^'^-^^'', L. Fayard"^ S. Fazio^^a.seb^ 

R. Febbraro33, P. Fcderici44a^ q.L. Fedin^^i, W. Fedorko*^ M. Fehling-Kaschek^s, L. FeUgioni^^^ C. Feng32d^ 

E. J. Feng30, A.B. Fenyuk^^s^ j_ Perencei"'"', J. Ferland^^^ w_ Fernando^o^ S. Ferrag^^^ J. Ferrando^^^ y. Ferrara-^S 
A. Ferrarii<56^ p Ferrari^o^, R. Ferrari"^'', A. Ferrer^^'^, M.L. Ferrer"'^, D. Ferrere"^, C. Ferretti^'^, 

A. Ferretto Parodi5°'*'S°^, M. Fiascaris^o, F. Fiedler^i, A. Filipcic'^"^ a. Filippas9, F. Filthaut^^'', 

M. Fincke-Keeler^^s, M.C.N. Fiolhaisi24a,'^, l. Fiorinii^^^ A. Firan39, G. Fischer"!, P. Fischer ^o, M.J. Fisherio^, 

M. Flechl"^, L Fleck^"!, J. Fleckner^i, P. Fleischmanni^^^ g pieischmanni^", T. Flick^^", L.R. Floras Castillo^^^^ 



The ATLAS Collaboration: Search for Massive Colored Scalars in Four- Jet Final States with ATLAS 



9 



M.J. Flowerdew^^, M. Fokitis^, T. Fonseca Martini*^, D.A. Forbush^^s, A. Formicai^e^ A. Forti*^ D. Fortini^Sa^ 
J.M. Foster82, D. Fournieri^s^ A. Foussat^^, A.J. Fowler^^, K. Fowler^^?^ jj p^^^i^ p Francavillai22a,i22b^ 
S. Pranchinoii9a,ii9b^ D Prancis^^, T. Franki^i, M. PranklinS^, S. Franzes, M. Fraternalii^^'^'^^b^ S. Pratina^^o^ 
S.T. French^'^, F. Fricdrich ^"^j R. Frocschl^'^, D. Froidcvaux^^ . J. A. Frost^'', C. Fukunaga-^'''^, E. FuUana Torregrosa^^, 
J. Pusteri67, C. Gabaldon29, O. Gabizoni^i, T. Gadfort^*, S. Gadomski^s, G. GagliardiS^^'^ob^ Gagnon^i, 
C. Galea''^, E.J. Gallas^i^ V. Gallol^ B.J. Gallopi^s, P. Gallus^^s, E. Galyaev^o, K.K. Gan^o^, Y.S. Gao"^./, 
V.A. Gapienko^28^ A. Gaponenko^^, F. Garberson^^^, M. Garcia-Sciveres"'^'*, C. Garci'a^^^, J.E. Garcia Navarro^^, 
R.W. Gardner^o, N. Garelli^s, H. Garitaonandial°^ V. Garonne^^, J. Garvey", C. Gatti^^, G. Gaudio"''% 

0. Gaumer49, B. Gaur^i, L. Gauthieri^e, i.L. Gavrilenko^*, C. Gay^^^^^ G. Gaycken^o, J-C. Gayde^^, E.N. Gazis^, 
P. Ge32d, C.N.P. Geei29, D.A.A. Geertsi^^, Ch. Geich-Gimbepo, K. Gellerstedt"^^'"^'^, C. Gemme^o^^, 

A. GemmelF, M.H. Genest9^ S. Gentilei32a,i32b^ George^^, S. George^^ P. Gerlach^^^, A. Gershoni^a, 

C. Gcwcnigcr5S% H. Ghazlane^^sb^ p. Ghez^, N. Ghodbanc^s, B. Giacobbci9% S. Giagui32a,i32b^ 

V. Giakoumopoulou^ V. Giangiobbei22a,i22b^ p_ Gianotti^^, B. Gibbard^^, A. Gibsoni^s, S.M. Gibson^", 

L.M. Gilbert"^ M. Gilchriesei^, V. Gilewsky^^, D. Gillberg^^, A.R. Gillmani^s, D.M. Gingrich^''^, J. Ginzburgi5'\ 

N. Giokaris^, M.P. Giordanii64c^ Giordanoi°2a,i02b^ p Giorgii5, p. GiovanniniS^, P.F. Giraud^^e^ p, GiugniSS'^, 

M. Giunta^^^ p Giusti^^^, B.K. Gjelsten"^, L.K. Gladilin^^ C. Glasman^^, J. Glatzer4^ A. Glazov^\ 

K.W. Glitzai74^ Q_L Glonti^s, J. Godfrey"^ J. Godlcwski^^, M. Gocbcl^i, T. Gopfert^s, C. GoeringerSi, 

C. Gossling'*^, T. Gottfert^^ S. Goldfarb^^ T. Gollingl^^ S.N. Golovnia^^s, A. Gomesi24a,&^ p g_ Gomez Fajardo^\ 

R. Gongalo''^, J. Goncalves Pinto Firmino Da Costa*^, L. Gonella^'', A. Gonidec^^, S. Gonzalez^''^, S. Gonzalez de la 

Hozi67^ M.L. Gonzalez Silva^^, S. Gonzalez-Sevilla^s, J.J. Goodson^^s, L. Goosscns^^, P.A. Gorbounov9^ 

H.A. Gordon24, I. Goreloyio^^ G. Gorfinei^^^ p Gorini^s, E. Gorini72a,72b^ Gorisek^^^ E. Gornicki3^ 

S.A. Gorokhovi28, V.N. Goryachev^^s, B. Gosdzik^i, M. Gossclinki"^ M.I. Gostkin^s, I. Gough Eschrichi^^^, 

M. Gouiglirii35a^ D. Goujdamii^sc^ m.P. Goulette^^ A.G. Goussioui^s, C. Goy^ I. Grabowska-Boldi'^^.m^ 

P. Grafstrom^s, K-J. Grahn^S F. Grancagnolo^^a^ g Grancagnoloi^ V. Grassil^^ V. Gratcheyi^i , N. Grau^^, 

H.M. Gray^f^, J.A. Gray"8, E. Grazianii34a^ q.g. Grcbcnyuki^i, D. Grccnficldi^s, T. Grccnshaw^^^ 

Z.D. Greenwood^".', K. Gregersen^^, I.M. Gregor^i, P. Grenier"3^ j. Griffithsi^s, N. Grigalashvili'^5^ A.A. GriUo^^^ 

S. Grinstcin", Y.V. Grishkevich^^, J.-F. Grivaziis, M. Groh^^, E. Gross^^i, J. Grosse-Knetter^^, J. Groth-Jenseni^\ 

K. Grybel"!, V.J. GuarinoS, D. Gucsti^^^ C. Guichcncy^s, A. Guida^2a,72b^ rp Guillcmin^, S. Guindon^", 

H. Guler^S'", J. Gunthcri^s. B. Guo^''^^ J. Guo^'', A. Gupta^", Y. Gusakov'^^ V.N. Gushchini^s, A. Gutierrez^^^ 
P. Gutierrez"!, N. Guttmani'^-l O. GutzwiUeri^^^ C. Guyot^e, C. Gwcnlan"^, C.B. Gwilliam^^^ A. Haas"3, 

S. Haas29, C. Haber^^, R. Hackenburg^^, H.K. Hadavand^^, D.R. Hadley^^ P. Haefner^^, F. Hahn^^, S. Haider^^, 

Z. Hajduk^s, H. Hakobyan^^^ J. Haller^*, K. Hamacheri^*, P. Hamal^^^^ M. Hamer^*, A. Ha^lilton4^ 

S. Hamiltoni*5i, H. Han'^^a^ p Han-'^^b, K. Hanagaki"^ M. Hance", C. Handel^i, P. Hankc^*^^, J.R. Hansen^^, 

J.B. Hansen^s, J.D. Hansen^^, P.H. Hansen^^, P. Hanssoni43^ K. Harai'^o, G.A. Hare^^^, T. Harenbcrgi^"^ 

S. Harkusha^o, D. Harper8^ R.D. Harrington^s, O.M. Harris^^s, K. Harrisoni^, J. Hartert^^ F. Hartjcsios^ 

T. Haruyama^e, A. Harvey^e, S. Hasegawai"i, Y. Hasegawa"", S. Hassanii^e, M. Hatches, D. HaufP^ S. Haugl^ 

M. Hauscliild29, R. Hauscr«^ M. Havranek^o, B.M. Hawcs"^ CM. Hawkcsi^, R.J. Hawkings^^, D. Hawkinsi63, 

T. Hayakawa^^, T. Hayashii^o, D Hayden^^ H.S. Hayward^^^ S.J. Haywoodi^s, E. Hazen^i, M. He^^d, S.J. Head^^, 

V. Hedberg79, L. Heelan^ S. Heim^s, B. Heinemann", S. Heisterkamp^s, L. Helary", M. Helleri^^^ 

S. Hellman"'^'*'"*^^, D. Hellmich^o, C. Helsens", R.C.W. Henderson^\ M. Henke^^^, A. Henrichs^^, 

A.M. Henriques Correia^^, S. Henrot-Versille-^^^, F. Hcnry-Couannicr^'^ , C. Hensel^"*, T. Hcnfi^'''^, C.M. Hernandez'', 

Y. Hernandez Jimenez^^'', R. Herrberg^^, A.D. Hershenhorn^^^^ G. Herten**®, R. Hertenberger^*, L. Hervas^^, 

N.P. Hesseyl°^ A. Hidvegi^e^^ e. Higon-Rodriguezi^^, D. Hill^'*, J.C. HilP^, N. Hill^, K.H. Hiller^\ S. HiUert^o, 

S.J. HiUicri'', I. Hincliliffci4, E. Hincsi^", M. Hirosc"^ F. Hirsch^^, D. Hirsclibnchli^'l J. Hobbsi^s, N. Hod^^^^ 

M.C. Hodgkinsoni'^^ P. Hodgsoni"^'', A. Hocckcr^s, M.R. Hocfcrkampio^^ J. Hoffman'^*^, D. Hoffmann«'\ 

M. Hohlfeld^i, M. Holder^i, S.O. Holmgren^^a^ t. Holy^^^^ J.L. Holzbauor^«, Y. Homma^'', T.M. Hongi^o^ 

L. Hooft van Huysduynenio^, T. Horazdovskyi27, c. Horn"3, S. Horner^s, K. Horton^^, J-Y. HostachySS, 

S. Hou^^S M.A. Houlden^'^, A. Hoummadai^Sa^ j Howarth^^^ D.F. Howell"^, I. Hristova l^ J. Hrivnac"^ 

1. Hruskai25, T. Hryn'ova", P.J. Hsu^^, S.-C. Hsui", G.S. Huang^", Z. Hubaccki^^, F. Hubaut^a, F. Hucgging^", 
T.B. Huffman"^ E.W. Hughes^-*, G. Hughes'"!, R.E. Hughes- Joncs^^^ M. Huhtinen^^, P. Hurst^'', M. Hurwitz", 
U. Husemann^i, N. Huseynov^^'", J. Huston^^ J. Huth", G. Iacobucci*^ G. lakovidis^, M. Ibbotson*^^ 

I. Ibragimov^''! , R. Ichimiya^'', L. Iconomidou-Fayard^^^, J. Idarraga^^^, P. Iengo!°2a,i02b^ q igonkina^^^, 

Y. Ikegami^e, M. Ikeno•5^ Y. Ilchenko^^, D. Iliadisi^'*, D. Imbault''^ M. Imorii^s, T. Ince^o, J. Inigo-Golfin^s, 
P. loannou*^, M. lodice"'*'', A. Irles Quiles^'^'', A. Ishikawa*^', M. Ishino^*^, R. Ishmukhamctov'''^, C. Isscvcr"*^, 
S. IstiniS'^, A.V. Ivashini28^ ^^ Iwanski^s, H. Iwasaki^e, J.M. Izen^o, V. Izzo^^^a^ p. Jackson^^o, J.N. Jackson'^, 
P. Jacksoni43, M.R. JaekeP^, V. Jain^i, K. Jakobs^«, S. Jakobsen^^, J. Jakubeki27, d.K. Jana^", E. Jankowski^^s, 
E. Janscn'"', A. Jantsch^^, M. Janus^", G. Jarlskog''^, L. Jeanty^'', K. Jelen^'', I. Jen-La Plante^^, P. Jenni^^, 
A. Jeremie'', P. Jez^^, S. Jezequel"^, M.K. Jha^^'', H. Ji"^^ w. Ji*\ J. Jia^"'*, Y. Jiang32b, M. Jimenez Belenguer'^\ 
G. Jin32b, s. Jin32a, Q. Jinnouchii^^, M.D. Joergensen3^ D. JoSe^^, L.G. Johansen^^, M. Johansen^^^a.^eb^ 



10 



The ATLAS Collaboration: Search for Massive Colored Scalars in Four- Jet Final States with ATLAS 



K.E. Johansson"6a^ p. Johanssoni^s, S. Johnert^i, K.A. Johns^, K. Jon-And^^^'''^'^^'" , G. Jones^^ R.W.L. Jones^\ 
T.W. Jones^^ T.J. Jones^^^ O. Jonsson^s, C. Joram^^, P.M. Jorgei^^a.b^ j. Joseph", T. Jovini^b, X. Ju^^o, 
C.A. Jung42, V. Juraneki25, R Jussel^^^ A. Juste Rozas", V.V. Kabachenko^^s^ g Kabanal^ M. Kaci^^^ 

A. Kaczmarska^s, P. Kadlccik^s, M. Kado"'\ H. Kagan^o^, M. Kagan'^'', S. Kaiser^^, E. Kajomovitzi-'^^ 

S. Kalinini^'*^ l y. Kalinovskaya6^ S. Kama^^ N. Kanayal5^ M. Kaneda^^, T. Kanno^", V.A. Kantserov9^ 

J. Kanzaki^e, B. Kaplan^^'S, A. Kapliy^o, J. Kaplon^^, D. Kar^s, M. Karagoz"^^ M. Karnevskiy^i , K. Karr^, 

V. Kartvelishvili^i, A.N. Karyukhini^s, L. Kashifi^^ G. Kasieczka^sb, A. Kasmi^^, R.D. Kassio^, A. Kastanasl^ 

M. Kataoka"*, Y. Kataokal^^ E. Katsoufis^, J. Katzy^^, V. Kaushik", K. Kawagoe^'^, T. Kawa^lotol5^ 

G. Kawamura^i, M.S. Kayll°^ V.A. Kazanini°'', M.Y. Kazarinov^s, J.R. Keates*^ R. Keeleri^s, R. Kehoe^^, 

M. Keil^"^, G.D. Kekelidze^^ M. Kelly^^^ J. Kennedy9^ C.J. Kenney"^, M. Kenyon^s, O. Kepka^^s^ ^ Kerschen^^, 

B. P. Kersevan^*, S. Kersten^^^, K. Kessokul^^ J. Keungl5^ M. Khakzad^^, F. Khalil-zada^o, H. Khandanyan^^s, 
A. Khanov"2, D. Kharchenko^s , A. Khodinov^^ A.G. Kholodcnkoi^s, A. Khomich^Sa^ rj. j_ ^^^^^27^ q Khoriauli^^, 
A. Khoroshiloyi^'', N. Khovanskiy^s , V. Khovanskiy^^ E. Khramov6^ J. Khubua-'^i'', H. Kim^ M.S. Kim^, 

P.O. Kinii43, S.H. Kimi60, N. Kimurai™, O. Kindl^ B.T. King^-\ M. King^^, R.S.B. King"^, J. Kirk^^g, 

L.E. Kirsch22, A.E. Kiryunin^^, T. Kishimoto<^^ D. Kisielewska^^, T. Kittelmann^^s^ ^.M. Kiveri^s, E. Kladiva"^'^, 

J. Klaiber-Lodewigs^^ M. Klein'^^^ u Klein^^^ ^ Kleinknecht8^ M. Klemetti®^ A. Klieri^^, A. Klimentov^^, 

R. Klingcnbcrg42, E.B. Klinkby^^, T. Klioutchnikova^^, P.P. K\ok^°^, S. Klousl"^ E.-E. Klugc^^a^ rp j^i^^^rs^ 

P. Kluitl°^ S. Kluth^s, N.S. Knecht^5^ E. Kneringer'^^ J. Knobloch^^, E.B.F.G. Knoops^^^ A. Knue^"^, B.R. Ko'''*, 

T. Kobayashi^ss, M. Kobel^^^ ^ Kocian"^, A. Kocnar^i^, P. Kodys^^e^ Koneke^^, A.C. Konig^o^, S. Koenig^S 

L. Kopke^i, F. Koetsveldio^^ P. Kocvesarki^o, T. Koffas^s, E. KoSeman^^^, F. Kohn^*^ Z. Kohouti27, T. Kohriki^e, 

T. Koi"3^ T. Kokott^o, G.M. Kolachcv^^^ H. Kolanoskii^, V. Kolesnikov^^ L Koletsou*^^, J. Koll^^ D. KoUar^^, 

M. KoUefrath^s, S.D. Kolya^^^ A.A. Komar^*, Y. Komoril'■^^ T. Kondo^e, T. Kono'^^'P, A.I. Kononov^'s, 

R. Konoplichi08'«, N. Konstantinidis^^ A. Kootz^^^^ g Koperny^^, S.V. Kopikoyi^s, K. Korcyl^s, K. Kordasi^^, 

V. Koreshev^^s^ a. Kornll^ A. Korol^^^, I. Korolkov", E.V. Korolkova^^g^ y.A. Korotkov^^s^ q Kortner^^, 

S. Kortncr99, V.V. Kostyukhin^", M.J. Kotamaki^^, S. Kotov''^ V.M. Kotovf^'\ A. Kotwal^^, C. Kourkoumclis«. 

V. Kouskourai''^^^ a. Koutsmanio^^ R. Kowalewskii^s, T.Z. Kowalski^^, W. Kozaneckii^e, A.S. Kozhini^s, V. Kral^^^^ 

V.A. Kramarcnko'''^, G. Kramberger'^^ , M.W. Krasny^^, A. Krasznahorkay^°^, J. Kraus^^, J.K. Kraus^^, 

A. Krciscl^-''^^ F. Krcjci^^'^, J. Krctzschniar N. Krieger^"', P. Krieger^^^, K. Krocningcr^"*, H. Kroha^^, J. KroU^^", 

J. Kroscbcrg^o, J. Rrstic^^a, U. Kruchonak'^'\ H. Kriiger^o, T. Kruker^^, Z.V. Krumshtcyn*^'\ A. Kruth^o, 

T. Kubota^^ S. Kuehn^s, A. Kugel^^^ T. Kuhl^i, D. Kuhn62, V. Kukhtin^s, Y. Kulchitsky^", S. Kuleshov^^'^, 

C. Kummer^s, M. Kuna^^^ N. Kundu^i^^ J. Kunkle^^o, A. Kupcfli^s, H. Kurashige^^ M. Kurata^^o^ 
Y.A. Kurochkin^o, V. Kus^^s^ jyj Kuze^^^, J. Kvita^^, R. Kwee^^, A. La Rosa^''^, L. La Rotonda^e^'^sb^ 
L. Labarga**o, J. Labbc", S. Lablaki'^-'^^, C. Lacasta^^^^ p. Lacavai32aa32b^ jj Lackcri'\ D. Lacour^^ 

V.R. Lacuestai67, E. Ladygin^s, R. Lafaye'^, B. Laforge^^ T. Lagouri^o, S. Lai"**, E. Laisne^^ M. Lamanna^^, 
C.L. Lampen^, W. Lampl*^, E. Lancon^^^, U. Landgraf'**, M.P.J. Landon'^^, H. Landsman^^^^ j l Lanc^^^ 

C. Lange^i, A.J. Lankfordi^s, p. Lanni^^, K. LantzscP^, S. Laplace^^^ C. Lapoirc^", J.F. Laportci^e, T. Lari^^'*, 
A.V. Larionov ^^s^ A. Larner^^^, C. Lasscur^^, M. Lassnig^^, P. Laurelli'*^, W. Lavrijsen^'', P. Laycock^'', 

A. B. Lazarev'^'^ O. Lc Dortz'^^ E. Le Guirriec^^^ C. Le Mancrl''^^ E. Le Menedeu"'^, C. Lebel^^ ' T. LcCo^lpte^ 

F. Ledroit-GuillonS^ H. Leel°^ J.S.H. Lce"^ S.C. Lee^^\ L. Lee"^ M. Lefebvrei<^^ M. Legendre^^e, A. Leger^^, 

B. C. LeGeyti20, F. Legger9^ C. Leggctti'^, M. Lehmacher^o, G. Lehmann Miotto^", X. Lei*', M.A.L. Leite^^^, 
R. Leitiicri26^ D. Lcllouchi", M. Leltchout'^'*, B. LcmmcrS"*, V. Lcndcrmann^^^, K.J.C. Leney"^'", T. Lenz^°^, 

G. Lenzen"4^ b. Lenzi^^, K. Leonhardt^s, S. Lcontsinis^, C. Leroy^^^ Lessardl*^^ J. Lesscri^Sa^ c.G. Lester^^, 
A. Leung Fook Cheong^'^^^ Levcquc'', D. Lcvin^^, L.J. Levinson^'^^ M.S. Levitski^^s^ Lewis"*, G.H. Lewis^°*, 

A. M. Lcyko^o, M. Lcytoni-\ B. U^-\ H. Li^^^^ g Li^^^b.d^ X. Li«^ Z. Liang-''^ Z. Liang^^.r^ h. Liacr^-l B. Libcrtii^Sa^ 
P. Lichard2'\ M. Lichtncckcr''^ K. Uc^^''\ W. Licbigl^ R. Lifshitzi'"^^^ j LiUeyi^, C. Limbacli^", A. Limosani^^, 
M. Limpcrf''\ S.C. Lin^"'", F. Lindel°^ J.T. Linnemann**, E. Lipeles^^o^ l Lipinsky^^s, A. Lipniacka^^^ 

T.M. Lissl**^ D. Lissauer24, A. Listeria, A.M. Litke^^^, c. Liu^^, D. Liu^^i'*, H. Liu^^, J.B. Liu^^, M. Liu32b, s. Liu^, 

Y. Liu32b, M. Livan"9*'"9b, S.S.A. Livermore"^ A. Lleres5^ J. Llorente Merino^o, S.L. Lloyd^^ E. Lobodzinska^S 

P. Loch^, W.S. Lockmani-''^ T. Loddcnkoctter^" , F.K. Loebinger^^, A. Loginov^^^ C.W. Loh^^'^, T. Lohsci^, 

K. Lohwasscr''*, M. Lokajiccki^^^ J. Loken V.P. Lombardo-*, R.E. Long'^\ L. Lopesi24a,6^ ^ i^q^^z Mateos^^, 

M. Losadai*'^^ p. Loscutoff", F. Lo Sterzo"2a,i32b^ ^^g^yisga^ ^ Lou*°, A. Lounis"^, K.F. Loureiro^^'^^ 

J. Love^i, P.A. Love^i, A.J. Lowe"^,/, p. Lu32'^, H.J. Lubatti^s, C. Lucii32a,i32b^ a. Lucotte^s, A. Ludwig''^, 

D. Ludwig^i, L Ludwig^s, J. Ludwig^^^ F. Luehring^i, G. Luijckx^os^ D. Lumb4^ L. Luminarii32a^ e. Lund"^ 

B. Lund-Jenseiii47^ B. Lundbcrg^^ J. Lundbcrgi^ea.web^ j_ Lundquist'''-\ M. Lungwitz^i, A. Lupii22a,i22b^ q Lutz^^, 
D. Lynn24, J. Lys", E. Lytken^^ H. Ma24, L.L. Mai^2^ j ^ Macana Goia^^, G. Maccarrone^^ A. Macchiolo^^ 

B. Macek'^^, J. Machado Miguensi24a^ Mackeprang3^ R.J. Madaras", W.F. Mader^^, R. Maenner^^^ 

T. Macno24, p. Mattig^^^^ S. Mattig^^, L. Magnoni29, E. Magradzc^^^ Y. Mahalaleli^s^ K. Mahboubi^^, 

G. Mahout^^ C. Maiani"2a,i32b^ q Maidantchik23a, A. Maioi24a,&^ g_ Majewski24, Y. Makida'5^ N. Makovec^^^, 

P. Mal^^e^ Pj^ Malecki^s, P. Malecki^^, V.P. Maleevi2i^ p Ualek^^, U. Mallik6^ D. Malon^ C. Malone"^ 



The ATLAS Collaboration: Search for Massive Colored Scalars in Four- Jet Final States with ATLAS 



11 



S. Maltezos^ V. Malyshevi^^^ s. Malyukov^^, R. Mameghani^^ J. Mamuzici^b^ A. Manabe^e, L. Mandelli^^'^, 
I. Mandic^^, R. Mandryschl^ J. Maneira^^"^^, P.S. Mangeard^*, I.D. Manjavidze^^, A. Mann^'', P.M. Manning"^^ 
A. Manousakis-Katsikakis^, B. Mansoulie^^^, A. Manz^^, A. Mapelli^^, L. Mapelli^^, L. March J.F. Marchand^^, 
F. Marchese^^^'^^i^^'', G. Marchiori'^s , M. Marcisovsky^^s^ ^_ Marin^i-*, CP. Marino^^^, F. Marroquim^^a^ 
R. Marshall*2^ Z. Marshall^^, F.K. Martensl5^ S. Marti-Garciai^^, A.J. Martin"^^ ^ Martin^^, B. Martinis, 

F. F. Martini20, J.R Martin^^^ pi^ Martin^^, T.A. Martin^'^, V.J. Martina's, B. Martin dit Latour^^, 

S. Martiii-Haugh"^, M. Martinez", V. Martinez Outschoorn'^'^, A.C. Martyniuk*^^ Marx*^^ p_ Marzano^32a^ 

A. Marzin"!, L. Masetti*\ T. Mashimo^-"^\ R. Mashinistov^"*, J. Masik*^^^ A.L. Maslennikovi"^ I. Massa^^^^'^^^, 

G. Massaro^°5, N. Massol'*, P. Mastrandreai32a,i32b^ ^_ Mastroberardino^^'i-.seb^ X. Masubuchii^s, M. Mathes^o, 
P. Matricon"^^ H. Matsumoto^^^, H. Matsunagal5^ T. Matsushita*^^, C. Mattravers"^'^ J.M. Maugain^^, 
S.J. Maxfield^^ D.A. Maximov^o^ E.N. May^, A. Mayne^^g^ ^ Mazinii^i, M. Mazur^o, M. Mazzanti^^*, 

E. Mazzonii22a,i22b^ g p_ Kec^'^, A. McCarni^s, R.L. McCarthy's, T.G. McCarthy's, N.A. McCubbini's, 
K.W. McFarlane^s^ j Mcfayden^^f, H. McGlone''^^^ G. Mchedhdze-^^'^, R.A. McLaren'^, T. Mclaughlani^, 
S.J. McMahoni29, R.A. McPhersoni^o J , A. Meade^^, J. Mechniehlo^ M. Mechtel^^'', M. Medinnis'^i, 

R. Meera-Lebbai"\ T. Meguro"*^, R. Mehdiyev^^^ g Mehlhase^^, A. Mehta'^^^ k. Meier^^a^ j Meinhardt^'s, 

B. Meirose'^9, C. Melachrinos^°, B.R. Mellado Garcia^'^^, L. Mendoza Navas^^^, Z. Meng^^i.*, A. Mengarelhi^'^'i^*', 
S. Menke^^^ q Menot^^, E. Meoni", K.M. Mereurio", P. Mermod"^ L. Merolai"2a,i02b^ q Meroni^*''-^, 

F. S. Merritt^", A. Messina^^, J. Metcalfe^^^, A.S. Mete^^, C. Meyer^^ J-P. Meyer^^e, j. Meyer^^^^ j_ Meyer^"*, 
T.C. Meyer29, W.T. Meyer^^, J. Miao^^d, S. MichaP^, L. Micu^^*^, R.P. Middletoni^s, R Miele^^, S. Migas^^^ 
L. Mijovic^i, G. Mikenbergi^i, M. Mikestikovai^s , M. Mikuz^^^ J) ^^ Miller^", R.J. Miller^s, W.J. Millsi^s, 

C. Mills'", A. Miloyi^i, D.A. Milstead"<^'''"<^'', D. Milsteini^i, A.A. Minaenkoi^s, M. Mifianoi^^, LA. Minashvili^^ , 
A.I. Mincerio^ B. Mindur^^, M. Mineev^^, Y. Ming"o, L.M. Mir", G. Mirabellii-'^^a^ l. Miralles Verge", 

A. Misiejuk^^ J. Mitrevski"^ G.Y. Mitrofanoyi^s, V.A. Mitsou^^?^ g_ Mitsui^e, P.S. Miyagawa^s, K. Miyazaki^^, 

J.U. Mj6rnmark^9, T. Moa"*^'^'"<5b, R Mockett^^s^ g Moed^^, V. Moeller^^, K. Monig^i, N. Moser^o, 

S. Mohapatra"^ W. Mohr4^ S. Mohrdicck-Mock^^ A.M. Moisseeyi^S'*, R. Moles- Valls^^^, j. Molina-Perez^^, 

J. MonF^, E. Monnier83, S. Montesano*^^'*^'', F. MonticeUi™, S. Monzanii^'^'is'^, R.W. Moore^ G.F. Moorhead^^^ 

C. Mora Herrera*^, A. Moraes^^, N. Morange^^^, J. Morel^*, G. Morello^^*'^^'', D. Moreno^\ M. Moreno Llacer^*''^, 

P. Morettini^o^, M. Morii'", J. Morin'^^ A.K. Morley^!', G. Mornacchi^^, S.V. Morozov^^ J.D. Morris'■^ 

L. Morvaji°\ H.G. Moscr^^ M. Mosidze'^^'^, J. Moss"'^ R. Mount^^^ E. Mountricha"^ S.V. Mouraviev^^, 

E. J.W. Moysc84, M. Mudrinic^^b, p. Mueller^s^, J. Muelleri^s, K. MucUer^o, T.A. MiiUer^^, D. Muenstermann^s, 

A. Muiriss, Y. Munwesi'", W.J. Murray^^s, L Musschei°5, E. Mustoi°2a,i02b^ j^ q Myagkov^^s, M. Myska^^s, 
J. Nadal", K. Nagaii*^'", K. Nagano*^'^ Y. Nagasaka™, A.M. Nairz^^, Y. Nakahama^^, K. Nakamura^^^ , 

T. Nakamurai'^-\ L Nakano"", G. Nanava^", A. Napieri^i, M. Nash^^'^ N.R. National, T. Nattermann^o , 

T. Naumann^i, G. Navarroi62, H.A. Neal^^ E. Nebot^o, P.Yu. Nechaeva^'', A. Negri"^'^'"^'^, G. Negri^^, 

S. Nektarijevic*^, A. Nelson^^^^ g_ Nelson^^^^ T.K. Nelson^^^^ g_ Nemeceki^s, p. Nemethylo^ A.A. Nepomuceno^s^, 

M. Nessi29^", S.Y. Nestcrov^^i^ ^.S. Neubaueri^s, A. Neusiedl^i, R.M. Nevcsl"^ P. Nevski^^, RR. Newman", 

V. Nguyen Thi Hong^-^^ R.B. Nickerson"^, R. Nicolaidou^^'^, L. Nicolas^^^, B. Nicqucvert^^ , F. Niedercorn"^, 

J. Nielseni3^, T. Niinikoski^^, N. Nikiforou^^^ ^ Nikiforoyi^, V. Nikolaenko^^s, K. Nikolaev^s, L Nikohc-Audit^^, 

K. Nikolics'^^ K. Nikolopoulos^^, H. Nilsen^s, P. Nilsson^ Y. Ninomiya A. Nisatii32a^ x. Nishiyama^^, 

R. Nisius9^ L. Nodulman^ M. No^lachi"^ L Nomidis^^^, M. Nordberg^*', B. Nordkvist"*^'*'"*^'', P.R. Norton^^g^ 

J. Novakova^^e^ Nozaki^^, L. Nozka"^, LM. Nugent^^^'*, A.-E. Nuncio-Quiroz^", G. Nunes Hanninger^'^ , 

T. Nunnemann^s, E. Nurse^^, T. Nyman^^, B.J. 0'Brien4^ S.W. O'Neale"'*, D.C. O'Neil"^, V. O'Shea^^, 

F. G. Oakham^S'^ H. Oberlack^^, J. Ocariz^^^ A. Ochi^^, S. Oda^^^, s. Odaka6^ J. Odier^^^ H. Ogren^i, A. Oh^^^ 
S.H. Oh44, C.C. Ohm"6a,i46b^ X. Ohshimai"!. H. Ohshitai^o, T. Ohsngi''^^ S. Okada^^, H. Okawaies, 

Y. Okuniurai"\ T. Okuyamal''^^ M. Olccse-"^"'', A.G. 01chcvski*^''\ M. 01iveirai24a,'»^ p Oliveira Damazio^*, 

E. Oliver Garcia^", D. Olivitoi^o, A. Olszewski's, J. Olszowska's, C. Oniachi^^, A. Onofrei^*^.^ ^ P.U.E. Onyisi'", 
C.J. Orami59a, M.J. Oregha'o, Y. Oren^^'^ D. Orestanoi34a,i34b^ j Orlov^o^ C. Oropeza Barrera^', R.S. Orr^ss, 

B. Osculati^o^'SOb, R. Ospanov^^o^ q Osuna", G. Otero y Garzon^e, J.P Ottersbachio^, M. Ouchrif^^sd, 

F. Ould-Saada"^, A. Ouraoui-''*', Q. Ouyang-'^^a, M. Owen**2, S. Owen"9, y.E. Ozcan^^a, N. Ozturk^, 

A. Pacheco Pages", C. Padilla Aranda", S. Pagan Griso", E. Paganis^^g^ p Paige^^, K. Pajchcl"'^, G. Palacinoi^Qb^ 
CP. Paleari^, S. Palestini^s, D. Pallin^', A. Palmai24a,b^ j p Palmer", Y.B. Pan"^ E. Panagiotopoulou'', 

B. Panes'ia, N. Panikashvili^'^, S. Panitkin^*, D. Pantea^^^, M. Panuskova^^s^ y_ Paolone^^a^ Papadelis 

Th.D. Papadopoulou^, A. Paramonov^, W. Park^'*-'", M.A. Parker^^", F. Parodi^O'^-^o'', J.A. Parsons'^, U. Parzefall'*^, 
E. Pasqualucci"2a^ A. Passerii'^^a^ p Pastorei-'4a,i34b^ p^. pastorc^^ G. Pasztor ^a^-^, S. Pataraia"*, N. Pateli^o, 
J.R. Pater82, g_ Patricemi°2a,i02b^ X. Pauly^^, M. Pecsy^^^^a^ y^j Pedraza Morales"^ S.V. Peleganchuki°^ 

H. Peng32b, R. Pengo^^, A. Penson^^, J. Penwell^S M. Perantoni^^a^ Perez^*'?', T. Perez Cavalcanti^S 

E. Perez Codina", M.T. Perez Garci'a-Estafii'^'^, V. Perez Realc^'*, L. Pcrini*'''''^^*', H. Perneggcr^^, R. Perrino^^**, 
P. Perrodo'', S. Persembe''^, V.D. PeshekhonovS^ B.A. Petersen^^, J. Petersen^^, T.C. Petersen'^, E. Petit^'^ 
A. Petridis^s^, C. Petridou^^'', E. Petroloi32a^ p pg^rucci^^^'^'i^^'', D. Petschull^S M. Pettenii^^^ R. Pezoa^i*^, 
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A. Phan^e, A.W. PhiUips^^, P.W. Phillipsi^s, G. Piacquadio^^ , E. Piccaro^^ M. Piccininii^^'i^'^, S.M. Piec''\ 
R. Piegaia^e, J.E. Pilcher^o, A.D. Pilkington82, J. Pma^^'^^''', M. Pinamontii64a,i64c^ ^ Pinder^^, J.L. Pinfold^, 
J ping32c^ B Pintoi24a,6^ Q pirotte^^, C. Pizio^^^'^^b^ p Placakytc^i, M. Plamondoni^^, M.-A. Pleier^^, 
A.V. Pleskachi28^ A. Poblagucv^^, S. Poddar""^^^, F. Podlyski^^, L. Poggioli"^ T. Poghosyan^o, M. Pohl^^, 

F. Polci^^, G. Polesello"^'', A. Policicchio^^s^ ^ Polinii^'^, J. Pol^^ V. Polychronakos^" , D.M. Pomarede"^ 

D. Pomeroy^^, K. Pommes^'^, L. Pontecorvo^^^'', B.G. Pope*^, G.A. Popeneciu^^'", D.S. Popovic^^'', A. Poppleton^^, 
X. Portell Bueso29, C. Posch^i, G.E. Pospelov^^, S. Pospisili^^, I.N. Potrap^^, C.J. Potteries, C.T. Potter"^, 

G. Poulard^^ J. Povcdai^^ R. Prabhu'^^ P. Pralavorio*^ ^ Prasad", R. Pravahan^ S. Prell^*, K. Prctzli^, 

L. Pribyl^s, D. Price^i, L.E. Price^ M.J. Price^^, P.M. Prichard^^\ D. Pricuri^^^ M. Primavcra^^a^ Prokofieyio^^ 
F. Prokoshin^ib, S. Protopopescu^^, J. Proudfoot^, X. Prudent''^, H. Przysiezniak'', S. PsorouWO, E. Ptaceki^"^, 

E. Pueschel^*, J. Purdham^^ M. Purohit^^-"', P. Fuzo^^^, Y. Pylypchenko"^, J. Qian^^, Z. Qian^^^ 2 q^^h^ 

A. Quadt5^ D.R. Quarriei^, W.B. Quaylc"^^ F. Quinonez^i^ M. Raas^^^ V. Radcscu^*^'' , B. Radics^", T. Radori^*^, 

F. Ragusa^^'''*^^'', G. Rahal^^^, A.M. Rahimi^o^ D. Rahm^^, S. Rajagopalan^*, M. Rammcnsce'^® , M. Rammesi''\ 
M. Ramstedt"^'''"^'', A.S. Randlc-Condc^s, K. Randrianarivony^s , P.N. Ratoff"^!, F. Rauscher9^ E. Rautcr^^, 
M. Raymond29, A.L. Read"^ D.M. Rebuzzii^^^'i^^b^ A. Redelbachi^^^ G. Redlinger^^, R. Reece^^o, K. Reeves^o, 
A. Reicholdl°^ E. Reinherz-Aronis^^^, A. Reinsch"^, I. Reisingcr''^ , D. Reljic^^a^ q Rembser^^, Z.L. Ren^^i, 

A. Renaud"^ P. RenkeP^, M. Rcscigno^-''^'^ S. Rcsconi**^^, B. Rcscndei^e^ p. Rcznicck^^, R. Rczvanii^^ 

A. Richards^^ R. Richter^^, E. Richter-Was'*>^ M. RideP, M. Rijpstral°^ M. Rijssenbeek^s, A. Rimoldi"^'''"^^, 

L. Rinaldi^^^, R.R. Rios^^, I. Riu^S G. Rivoltella^^a.sgb^ p Rizatdinova"^, E. Rizvi^^ S.H. Robertson^^.J, 

A. Robichaud-Veronneau^"'^^, D. Robinson^^, J.E.M. Robinson''^, M. Robinson-'^-'^'*, A. Robson''''', 

J.G. Rocha de Limai"^^ C. Rodai22a,i22b^ ^ ^^^^ Santos^^, S. Rodier^o, D. Rodriguez^^s^ A. Roc'"^"^ g Roe^^, 

0. R0hiic"'^, V. Rojo\ S. RoUiisi, A. Ro^laniouk9^ M. Romanoi^^'i^b^ yjyj^ Romanov^^ G. Romco^e, L. Roos'^^, 
E. Rosis'', S. Rosatii32a,i32b^ K. Rosbach^s, A. Rose^'^^, M. Rose^^ G.A. Rosenbaumi^s, e.I. Rosenberg64, 

P.L. Rosendahl^^, Q. Rosenthal^^S L. Rosselet*^ V. Rossetti^S E. Rossii32a,i32b^ l.P. Rossi^^*, M. Rotaru^^*, 

1. Roth^'^i, J. Rotllbcrgl■'^^ D. Rousscauii'\ C.R. Royon"6^ A. Rozanov^^ Y. Rozcni^^^ x. Ruan"^ L Rubinskiy^\ 

B. Ruckert^s, N. Ruckstuhlio^, V.I. Rud^^ C. Rudoiph^^ G. Rudolph'32, p Ruhr^, F. Ruggierii34a,i34b^ 
A. Ruiz-Martinez*^^, V. Rumiantsev^^'*, L. Rumyantsev^^, K. Runge^^, O. Runolfsson20, Z. Rurikova*^, 
N.A. Rusakovich^s, D.R. Rust^^i, J.P. Rutherfoord^, C. Ruwiedel", P. Ruzickai25^ Y.F. Ryabovi2i, 

V. Ryadovikovi28, p. Ryan^^ M. Rybari26^ G. RybkiIl"^ N.C. Ryder"^^ s. Rzaeva^", A.F. Saavedra^^", 

I. Sadchi''^^^ H.F-W. Sadrozinskii37^ R. Sadykov^s, F. Safai Tchranii-'^2a,i32b^ ^ Sakamotol5^ G. Sala^lanna^^ 

A. Salamoni33a^ m. Saleem"i, D. Salihagic^^, A. Salnikov"^, J. Salt^^^, B.M. Salvachua Ferrando^ 

D. Salvatore^^^'^sb, p. Salvatore"^, A. Salvucci^o^, A. Salzburgcr29, D. Sampsonidisi^^, B.H. Samset^i^ 

A. Sanchczi02a,i02b^ jj^ Sandaker^^, H.G. Sander**^, M.P. Sandcrs^^, M. Sandhoffi^^^ p SandovaP^, C. Sandoval 

R. Sandstroem^s, S. Sandvoss^^^^ D.P.C. Sankeyi29, A. Sansoni^^, C. Santamarina RiosS^ C. Santoni^^, 

R. Santonicoi33*.i33b^ jj. Santosi24a, j.g. Saraivai24a,f.^ t. Sarangii72^ ^ Sarkisyan-Grinbaum^, F. Sami22a,i22b^ 

G. Sartisohni^^^ q Sasaki^e, T. Sasaki<^^ N. Sasao^^, L Satsounkevitch^o, G. Sauvage^, E. Sauvan", J.B. Sauvan^i^, 
P. Savardl5«'^ V. Savinovi2'\ D.O. Savu29, L. Sawyer24.', D.H. Saxon^^^ L.P. Says^^, C. Sbarra^^^'^^'^, 

A. Sbrizzii''''^'"'^\ O. Scallon^^^ D.A. Scannicchioi^^^ J. Schaarschmidt"^^ P. Schacht^^, U. Schafer^i, S. Schaepe20, 
S. Schaetzcl-'^sb^ ^.C. Schafferi^^^ D. Schaile^^, R.D. Schamberger^^s^ A.G. Schamov^o^ V. ScharfSS"^, 
V.A. Schegelskyi2i, D. Scheirich^^, M. Schernaul*^^ M.L Scherzer^^, C. Schiavi^°*'^°'', J. Schieck9^ 
M. Schioppa36a.36b^ g_ Schlcnker29, J.L. Schlereth^, E. Schmidt^s, K. Schinicdcn20, C. Schmitt«\ S. Schmitt^Sb, 
M. Schmitz20, A. Schoning^sb^ m. Schott29, D. Schouteni^Sa^ j_ Schovancovai25, M. Schram^s, C. Schroeder^i, 
N. Schroer^sc^ g Schuh29, G. Schuler29, J. Schultesi^"^ jj.-C. Schultz-Coulon^s^, H. Schulz^s, J.W. Schuniacher20, 
M. Schumacher*^, B.A. Schumm^37^ pjj Schunc^'^fi^ q Schwancnberger^2^ A. Schwartzman^''^^ p}i Schwemling'^*, 
R. Schwicnhorst^s, R. Schwierz*^, J. Schwindlingi'^^^ P Schwindt20, W.G. Scotti29, J. Searcy"*^ G. Sedov^i, 

E. Sedykhi2i, E. Segura", S.C. Seidelio^^ A. Seideni^^^ p. Scifcrt^s, J.M. Scixas23^ G. Sckhniaidzei°2a^ 

D. M. Seliverstovi2i, B. Sellden"6a^ g. Sellers^^^ ^ Seman"4b^ N. Semprini-CesariiS'^'i^b^ q Serfon^^, L. Serini^^^ 
R. Seuster99, H. Severiniiii, M.E. Sevior8^ A. Sfyrla29, E. Shabalina^*, M. Shamimi", L.Y. Shan32a, j.T. Shank2i, 
Q.T. Shao^fi, M. Shapiro^*, p.p. Shatalov«-\ L. Shaver^, K. Shawi*'''^'!*'''^ D. Shcrmani^^^ P. Shcrwood^^ 

A. Shibata^o^ H. Shichiioi, S. Shimizu29, M. Shimojimaio°, T. Shin'^, A. Shmclcva^*, M.J. Shochct^o, D. Short"^ 

M.A. Shupe^ P. Sichoi25^ ^ gi(jQ^ji32a432b^ ^ Sicbel^^*, F. Sicgcrt*^ J. Siegristl^ Dj. Sijackii2a^ Q. Silbert^^\ 

J. Silva^24a,fe^ Y. Silveri53^ p)_ Siiverstein"3, S.B. Silverstein^Sa^ y. Siniaki27, 0. Simardi36, Lj. Simici2a, 

S. Simion"5, B. Simmons", M. Simonyan35, P. Sinervoi^^^ N.B. Sinev"*^ V. Sipica^^, G. Siragusa^^^^ A. Sircar24, 

A.N. Sisakyan^s, S.Yu. Sivoklokov^^, J. Sj61ini46a,i46b^ rp_g_ gjurscn", L.A. Skinnarii", H.P. Skottowc", 

K. Skovpenio^ P. Skubic"\ N. Skvorodnev22, M. Slater^^ T. Slaviceki27, k. Sliwai^i, J. Sloper29, V. Smakhtin^i, 

S.Yu. Smirnov9^ L.N. Smirnova^^, O. Smirnova™, B.C. Smith^^, D. Smithi*3^ j^j^ Smith53, M. Smizanska^S 

K. Smolcki27^ A.A. Sncsarev^*, S.W. Snow82, j gnow"i, J. Snuverink^os^ S. Snyder24, M. Soaresi24a^ ^ Sobie^^^'^ 

J. Sodomkai27, A. Sofferi53, c.A. Solans^^^, M. Solari27, j. Solci27^ p_ Soldatov^^, U. Soldevilai*^^, 

E. Solfaroli Camilloccii32a,i32b^ A.A. Solodkovi28, O.V. Solovyanovi28^ j Sondericker24, N. Soni2, V. Sopkoi27^ 
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B. Sopkoi27. M. Sosebee^ R. Soualahi64a464c^ ^ Soukharcyio^ S. Spagnolo^2a,72b^ p Spano^^^ R. Spighii^"*, 
G. Spigo29, F. Spilai32a,i32b^ ^ Spiriti^34a^ Spiwoks^^, M. Spousta^^e, T. Spreitzeri^s, b. Spurlock^ 
R.D. St. Denises, T. Stahl"i, J. Stahlmani^o, R. Stamen^S'', E. Stanecka^^, R.W. Stanek^ C. Stanescu^^^a, 
S. Stapncs"^ E.A. Starchcnkoi^s, J. Stark^^, P. Starobai^s, p. Starovoitov^i , A. Staude9^ P. Stavina^^^^, 

G. Stavropoulosi'^, G. Steele^^^ P. Steinbach^s, P. Stcinbcrg^^, L Stckli27^ B. Stelzer"2, H.J. Stelzer^s, 
O. Stelzer-Chiltoni59a^ H. Stenzel^^^ K. Stevenson^^^ G.A. Stewart^^, J.A. Stillings^o, T. Stockmanns^o , 
M.C. Stockton29, K. Stoerig^s, G. Stoicea^s^, S. Stonjek^^, P. Strachotai^e, A.R. Stradling^ A. Straessner*^, 

J. Strandbergi47^ S. Strandberg"6a,i46b^ Strandlie"^, M. Strang^o^, E. Strauss"^, M. Strauss"\ P. Strizenec"'^'', 

R. Str6hmeri^3^ D.M. Stromi", J.A. Strong^^'*, R. Stroynowski^^, J. Strube^^g^ ^ Stugu^^, I. Stumer^^.*, 

J. Stupak^s, p. Sturm^^"^ ^ a. Sohi^i.'-, D. Su^^s^ jjg. Subramania^, A. Succurroi\ Y. Sugaya"^ T. Sugimoto^'^S 

C. Suhri06, K. Suita^^ M. Suk^^e, v.V. Sulin9^ S. Sultansoy^^, T. Sumida^^, X. Sun^^^ J.E. Sundermann^s, 
K. Surulizi39, S. Sushkoyii, G. Susinno^^a.seb^ Sutton"9, Y. Suzuki^e, Y. Suzuki^^, M. Svatos^^s, 

Yu.M. Sviridovi28^ S. Swcdishi^s, I. Sykora"4a^ t. Sykoral2^ B. Szeless^^, J. Sanchczi^^^ D. Talo^ K. Tackmann^S 

A. Taffard^sa^ p. Tafirouti^^'^, N. Taiblumi^^^ Y. Takahashiioi, H. Takai^*, R. Takashima^s , H. Takeda*^^, 

T. Takeshita"°, M. Talby^^^ a. TaLyshev^o^, M.C. Tamsett^^, J. Tanaka^^^ R. Tanaka"^ S. Tanaka^^i, 

S. Tanaka6^ Y. Tanaka^o^, K. Tani^^, N. Tannoury^a, G.P. Tappern^^, S. Tapproggc«\ D. Tardifl5^ S. Taremi^^ 

F. Tarrade^s, G.F. Tartarelli^^'^, P. Tas^^e^ M. Tascvskyi^s, E. Tassi-''*^"^-''6b^ M. Tatarkhanov", Y. Tayalati^^sd^ 

C. Taylor^^, F.E. Taylor^^ G.N. Taylor^^^ ^ Taylor^^^'^, M. Teinturier"^ M. Teixeira Bias Castanheira^^ 
P. Teixeira-Dias^^ K.K. Temming^^, H. Ten Kate^^, P.K. Tengi^S S. Terada6<5, K. Terashi^ss, j. Terron^o, 
M. Terwort^i'P, M. Tcsta""^, R.J. Tcuschcri-'^s^^ J. Thadome^'^'^, J. Therhaag^", T. Theveneaux-Pclzer'^^, 

M. Thioycl■^^ S. Thoma^s, J.P. Thomasi^ E.N. Thompson^^ , P.D. Thompsoni^ P.O. Thompsoni^*^, 

A. S. Thompson^^^ Thonisoni^o, M. Thomson^^, R.P. Thun^'^, F. Tian'^*, T. Tic^^^^ V.O. Tikhomirov^^ , 

Y.A. Tikhonov^o'', C.J.W.P. Timmermansi°'', P. Tiptoni'^-\ F.J. Tique Aires Viegas^^, S. Tisserant^^^ J. Tobias''^, 

B. Toczek^^, T. Todorov^, S. Todorova-Nova^6\ B. Toggcrsoni^^ J. Tojo^^^ g Tokar"^^, K. Tokunaga^^ 

K. Tokushuku^^ K. Tollcfson«^ M. Tomotoi"!, L. Tompkins", K. Tomsi"-\ G. Tong'^^a^ ^ Tonoyan^^, C. Topfel^'^, 
N.D. Topilin^s, I. Torchiani^s, E. Torrence"'', H. Torres^^, E. Torro Pastor^s^, j. Toth^^.a;^ p Touchard^^^ 

D. R. Toveyi^^, D. Traynor'^^, T. Trefzger^'^^, L. Tremblet^'', A. Tricoli^^, I.M. Trigger^^^*, S. Trincaz-Duvoid'^^, 
T.N. Trinh'^^ M.F. Tripiana'^o, W. Trischuki^^ A. Trivedi^".™, B. Trocmc5^ C. Troncon**^^, 

M. Trottier-McDonald"^ A. Trzupck-"^*^, C. Tsarouchas^^ , J.C-L. Tseng"*, M. Tsiakiris^^^ P.V. Tsiareshka^°, 
D. Tsionou'*, G. Tsipolitis", V. Tsiskaridze^*, E.G. Tskhadadze^i'*, LL Tsukerman^^ , V. Tsulaia", J.-W. Tsung^o, 
S. Tsuno'5^ D. Tsybychev"*^ A. Tua^^s, A. Tudorache^^a, V. Tudorache25^ J.M. Tuggle^o, M. Turala^*, 

D. Tureceki27, i. Turk Cakir^^, E. Turlay^o^, R. Turra^^^-^^b^ pj^ Tuts^^, A. Tykhonov^^ M. Tylmad"^^'"*''', 
M. Tyndcli29, H. Tyrvainen^^, G. Tzanakos*, K. Uehida^o, L Ucda^^s, R. Ueno^s, M. Ugland^^, M. Uhlenbroek^" , 
M. Uhrmacher54, F. Ukegawa^^o, G. UnaP^, D.G. Underwood^, A. Undrus^", G. Unel^ss, Y. UnnoS^ D. Urbaniec^'^, 
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